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AUTHORS’ PREFACE. 


This book outlines a course of laboratory work which is essen- 
tially synthetic in nature and is desi^i:ncd to aid in acquiring a 
more adequate 'mowledge of inoi’ganic (jhemistry than is to be 
obtained by practice in chemical analysis alone. The need of 
supplementing the w<n‘k of analytical chemistry in such a way 
has indeed been recognized in most (dieniical laboratori(»s of the 
German technical schools and universities, in facj such instruction 
still persists as a part of the classic method of teaching chemistry. 
To-day a training according to these lines is considered de- 
sirable even for those students with whom chemistry is a minor 
subje(;t. It has been the aim of the authors to enlarge the 
choice of suitable exfieriments by publishing the procedures 
which they have tested and found satisfactory in their own 
laboratories in the course of a number of years^ experience. 

The experimental part of the book is given in relatively com- 
plete detail, because in our opinion this does not materially 
lessen the self-reliance of the student, who has, as a rule, but a 
limited time at his disposal. The beginner obtains ample oppor- 
tunity for acquiring manipulative skill and for exercising inge- 
nuity, in the carrying out of the work and in modifying and 
improving the directions to correspond to the facilities at hand; 
otheu’s who iKHid {larticular preparations as starting material for 
further investigation can appreciate directions in which technical 
difficulties ai’c guarded against. 

To aid in the study of the theoretical relations brief general 
discussions are interspersed throughout the book as well as ref- 
(U’ences to the original literature and the text-books of inorganic 
and theoretical chemistry which should be freely consulted. 

As regards the arrangement of the material, we have departed 
from the disposition which is common to-day of treating the 
compounds in connection with the groups of elements. We have 
chosen to base the classification upon the different types of 
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combination^ and thereby have returned to the older usage. 
Among the early authors Thenard in 1813 writes: ^*La methodey 
que fai constarnment suivicj consiste a proceder du simple au com^- 
pose, du connu a Vinconnu, a rhinir dans un m^me groupe tous les 
corps analogues, et d les (Hudier d*abord d'une maniere gen&ale et 
ensuiie d'une manitre particalihrey Grnelin in 1817, however, 
took a different stand and in his ^^Handbuch’’ arranged the com- 
pounds according to the elements, and thus introduced the sys- 
tem of classification which has been followed by nearly all of his 
successors. Even to-day Gmelin's reasons for departing from 
the older method of treatment probably hold equally well as 
regards elementary books for beginners; the older method scatters 
the compounds C)f a single element in such a way that the student 
fails to get a distinct, coherent picture. This book, however, is 
intended piimarily for those who have passed beyond the more 
elementary stage in their study of chemistry, so that ^t does not 
seem to us to bo too daring to make the experiment as to how 
well our modern, inorganic chemistry will fit into the older 
framework. It seems as if thereby, aside from the old advan- 
tage of a ])otter comprehension of analogous methods of prep- 
ai’ation and analogous properties, there results a pnrticaihirly 
intimate amalgamation of ex[)erimental and theoreti(‘al chemistry, 
for in this way we advance, as it were, from a ^S)n(? compo- 
nent system” to one of ^^several components.” A similar return 
to the older method of classification is to be found, for example, 
in the second part of tlie Modern Chemistry by Sir W. Ramsey; 
in the arrangement adopted by A. Werner and l\ Pfeiff(‘r in the 
Inorganic Abstracts in R. MeyeEs Jalirbuch der ('hemie; and in 
A. Werner's Neuere Anschauuiigen auf dem Gel)ict(^ der anor- 
ganischen Chemie. This system was also outlined by one of us in 
a lecture on C<)tnplcx Compounds dcVwinvA in Gottingen in 1903- 
1904. 

The method of arrangement chosen often separates prepara- 
tions which are clos(*ly related to one another, as for example 
where one is used as starting material for the formation of tlie 
other; to show tlu'se relations the ^Mlepondent Preparation” 
is noted at the end of many of the procovlures. In the last 
chapt(M*, whi(*h ti'eats of compounds of the rarer elements, we 
have departed from our chosen system of classification because 
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in this case the question of raw material for the preparation of 
the individual compounds is of chief importance, and here the 
characterization of the element in question is at present of more 
importance than the type of combination. 

The instructor will at once notice on glancing through these 
pages that for a rapid and successful carrying out of the pro- 
cesses certain requirements are to be met as regards apparatus 
and laboratory facilities; these should at all times be available 
for the student^s use. 

The experiments necessary for working out and testing the 
methods prescribed were carried out during the last eight years 
with the aid of students at the University of Kiel, and to some 
extent at the Universities of Gottingen and Clausthal. Published 
processes have fre({uently been changed or improved according to 
our experience, though no doubt it will still be found that the 
directions and yields can be further improved. 




TRANSLATORS’ PREFACE. 


For some time previous to. the appearance of the German 
edition of this book, the translators had been convinced of the 
value of laboratory work in Inorganic Preparations as a basis ,for 
the teaching of the general principles of chemistry. In fact one 
of the translators had just published a more elementary text of 
this character which was designed especially for first-year stu- 
dents at the Massachusetts Institute of Technology.^ 

The German text has, in the main, been faithfully followed, 
although a few minor changes have been made to adapt the 
book for the use of English-speaking students. The German 
authors have not only cooi>erated by carefully reading the 
proof sheets but they have also furnished the revisions and 
additions which they intend to incorporate in the Second Ger- 
man l^](lition. 

The book ■a[)plies especially to the more advanced college or 
university students who would broaden the scope of their train- 
ing in inorganic cheniistry beyond that obtained from courses in 
(lualitative and quantitative analysis. It might l)e studied with 
e(pial advantage, simultaneously with', or following, the more 
advanc(i(l work in analytical chemistry. 

• In addition to the usefulness of this book to students, it should 
prove of value to manufacturing chemists, for although the 
working directions in the book are given for })reparations strictly 
on the laboratoiy scale, still the direcd, bearing of the principles 
and theori(\s of j)hysical chemistry upon the efficiency of the 
chemical processes is brought out in a mtiiiner which would 
apply on a large as well as on a small scale. 

The translators desire to express their deep obligation to Pro- 
fessors Heinrich and Wilhelm Biltz for the interest they have 
shown in the translation; also to Mr. J. W. Phelan, Mr. C. B. 
Nickerson, and especially to Mr. P. S. Fiske for their efficient aid 
in reading and criticising the [)roof sheets. 

* Blanchard: Synthetic Inorganic Chemistry, 
vii 
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LABOEATORY METHODS 

OF 

INOKGANIC CHEMISTRY. 

INTRODUCTORY REMARKS ON LABORATORY 
PRACTICE. 

1* Heating. 

For heating and mellirig solid sul)stariecs crucibles made of 
porcelain, difficiiltly-fiisible clay, or iron are used. Small 
crucibles may be heated with a Bunsen burner or, for higher 
temperatures, with a blast lamp; for long heating with the 
latter it is convenient to have a water pump arranged to 
furnish an air blast. In order to obtain a high and uniform 
tempei’ature small crucibles may be surrounded with a clay 



mantle; larger crucibles are placed inside a piece of iron stove- 
pipe or an inverted flowerpot with its hole enlarged. Large 
crucibles may be heated reasonably hot with a Fletcher burner 
by using such an insulating mantle to prevent some of the 
loss of heat by radiation; or to about 1200° in a gas furnace. 

1 
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INTRODUCTORY. 


If an abundant air blast is available at a fairly steady pressure, 
the most convenient and useful form of furnace is the gas 
furnace, Fig. 1, made of fire clay supported by a casing of 
sheet iron, into which the flame from a large blast lamp is 
admitted through a hole near the bottom. In the absence of an 
air blast, gasolene blowpipes, similar to those commonly used by 
plumbers, serve almost as well as the gas blast lamps. The use 
of charcoal furnaces is inexpensive and to be recommended even 
at the present day. Such a furnace is shown in Fig. 2, one-tenth 
its natural size. It is made of sheet iron and is about 250 cm. 
high and 2S0 vm. wide. Larger furnaces may be built of fire 
brick and connected with the chimney of the building. The 
fire in such a furna(;e can be started w^ith some glowing charcoal 
which has been heated before the blast lamp; the furnace is then 
fed with layers of charcoal and coke and finally with coke alone. 



Fig. 2. 



For heating substances in glass or porcelain tubes, a flame 
spreader placed on an ordinary Bunsen burner is used when only 
short lengths are to be heated; for longer stretches a row burner, 
as shown in Fig. 3, is employed, and to retain the heat a cover of 
asbestos board can be supported just above the tube by means of 
wires. The three supports for the tube can be protected by 
wrapping wet asbestos pulp about them, pressing it firmly into 
position and allowing it to dry. For higher tempe'ratures over a 
considerabJe length of tube a combustion furnace, such as is used 
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in organic ultimate analysis, is suitable. Very high temperatures 
may be obtained with the blast lamp if the part of the tube to 
be heated is surrounded by an asbestos chamber like that shown 
in Fig. 4. The bottom of the chamber should measure about 
10 X 16 (un. and the height about 13 cm. In tlic bottom is a 
large hole for the flame of the blast lamp to enter; in the two 
end walls are holes through which the tube to be heated just 
fits. As a cover, a piece of asbestos board serves, which is 
loosely laid on top of the box and is provided near the four 
corners with round holes of 2 cm. diameter. The box is held 
together by means of wire fastenings. For heating long tubes 



Fig. 4. Fig. 6. 


to very high temperatures, a Mitscherlich tube furnace can be 
used whicli is 50 cm. long and is made of sheet iron lined with 
fire-clay. 

For providing and maintaining constant temperatures, up to 
1500°, the platinum electrical resistance furnace, and for tem- 
peratures alcove 2000° the carbon resistance furnace, arc invalu- 
able. Although such furnaces would be very convenient for 
some of the preparations described in the following pages, they 
may be dispensed with on account of their high price. 

Many different forms of apparatus have been devised for 
uniformly heating flasks and similar vessels to moderate temper- 
atures. Besides sand baths, Babo^s boiling funnel (Fig. 5), 
which is capable of wide application, and nickel air baths, are 
particularly to be recommended. 

When liquids are to be boiled for a considerable length of 
time, the flask should be provided with a eondenser or a wide 
glass tube, held either ’vertically or inclined so that vapors will 
cond©hs(^0^ the liquid run back into the flask. This is known 
as heatiiiipKkh a rpHvT ronflenser. 
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2 . Evaporation. 

Large quantities of solutions are concentrated in evaporating 
dishes, which give a large surface for the escape of vapors from 
the liquid. They should be heated, unless otherwise directed, 
with a free flame without wire gauze or asbestos; but the flame 
should never be allowed to come in contact with the dry upper 
part of the dish, as in that case superheating would ensue whicdi 
might resuft in the breaking of the dish or in the decomposition 
of the solid material that separates on the sides. Thus as the 
concentration progresses the flame must be lowered or the evap- 
oration finished on the water bath. Small (jiiantities of liquid 
can also be boiled down in l^eakers; but if this is done it is 
advisable to avoid bumping by stirring or by adding to the 
liquid such substances as small splinters of wood, bits of unglazcd 
porcelain, or of piimice. 


3. Crystallization. 

When crystals are to be obtained from a solution, it is often 
necessary before the evaporation is finished to filter from impuri- 
ties. For this j)urpose an ordinary plaitcai filter* is used 
which is placed in a short-stemmed funnel. In case the (uystals 
separate rapidly, a Buchner funnel with suction is employed. 
For strongly corrosive liquids, hardened filter paper must be 
used or, often better still, a felt of asbestos fibers; the latter is 
made by suspending the asbestos in water and pouring tluj sus- 
pension on to the iiei’forated l)ottom of a Biichner funnel, or 
Gooch crucible, and drawing firmly in place by suction. Crys- 
tallization will take place on cooling if the solubility of the 
material decreases with sinking temperature, otherwise by 
evaporation at a moderate heat, or at the room temperature in 
a desiccator. Impure crusts tend to form around the sides of 
the dish at the surface of the liquid; to prevent this as much as 
possible, dishes with perpendicular walls (beakers or glass crystal- 
lizing dishes) should be used. If this expedient is not success 
fill, the crystals are collected by themselves and the crusts dis- 

‘ Filters of hardened paper arc more expensive and allow the filtrate to 
flow more slowly than those of common paper, but they retain even the 
finest precipitates and are thus at times indispensable. 



DISTILLATION. 


5 

solved again in the mother liquor. By^ slow crystallization, 
especially with a deep body of solution, large crystals are 
obtained; by more rapid cooling, as by shaking the solution in a 
flask under running cold water, a crystalline ^ meal is obtained 
which, because it contains less mother liquor inclosed between 
the crystal layers, is purer, although of less characteristic form. 

4. Suction. 

Coarse crystals can be separated from the mother liquor by 
sucking the mass through an ordinary funnel in which is placed 
a small glass marble. If a few small crystals sliould run-through 
at first, the liquor containing them is poured a second time 
through the funnel. lOven fine crystals and powdery precipi- 
tates can l)e filtered clear if a thin cord of aslxvstos fibers is laid 
around the marble. The suction funnels of R. Hirsch and of 
Ib'ichner are also much used, for all sizes of which hardened 
filt(U’s, which do not, like common filter paper, lose their fibers, 
are to be obtained in the market. 

If the material on the filter dissolves but slowly, it can be 
wjushed witli water, or with the liquid used for the ciystallizing 
medium if it is other than water; substaru^es that dissolve more 
readily may be washed with suitably diluted solvents, for example, 
with mixtures of alcohol and water and finally with pure alcohol. 

5. Distillation.^ 

For distilling ordinary liquids, llasLs arc used; for substances 
wdiich solidify easily retorts are more suitable and these in the case 
of high-boiling materials, may be covered with folded asbestos 
paper in order to keep in the heat. Tlie use of a condenser is 
usually superfluous w'hen distilling high-boiling substances from 
retorts; in distilling low-boiling materials a condenser of suit- 
able length should be joined to the distilling flask wRJi a cork 
stopper (Fig. 6), although sometimes the connection is left open; 
or a short condenser may be slipped over the neck of the 
distilling flask itself and made tight with corks or with pieces 
of rubber tubing (Fig. 7). In the case of substances that boil 

‘ For fuller detailH regarding distillation, especially of organic liquids, 
see text-books on Organic Chemical Preparations. 
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somewhat higher, a glass tube about the size of one^s finger 
simply slipped over the side arm of the distilling flask serves as 
an air condenser (Fig. 8). If bad smelling or corrosive gases 




are produced during the distillation, a suction bottle fitted to 
the condenser tube is used as receiver and the side arm of the 
bottle is connected to a tube which leads into the ventilating 
flue of the hood. 
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If the vapors attack cork the apparatus can be made tight 
witli wads of asbestos fibers pressed into the joints, an expedient 
which often yields excellent service. 

For determiiiiiig the boiling-point of the substance a ther- 
mometer should be inserted in the neck of the distilling flask, or 



in the tu])ulus of the retort, in such a way that its Inilh will be 
entirely surrounded by the vapors (Figs. 6 and 8); thus with a 
distilling flask the bull) should reach to the lower part of the 
neck. It is best to use thermometers so short that the mercury 
column will remain entirely within the vapor. The thermome- 
ter shows at the beginning a tcm))erature somewhat too low 
because some time is necessary to heat it to the temperature 
of the vapor; toward the end the reading be(;omcs a little too 
high on account of the vapor in the nearly em])ty flask becoming 
superheated. Both of these facts are to be borne in mind when 
judging of the purity of a substance. Concerning fractional 
distillation, which is seldom of importance in making inorganic 
preparations, see the preparation of acid chlorides and esters, 
Chap. VI. 

Very volatile substances, such as sulphur dioxide, can be con- 
densed in common gas wash bottles, with ground-glass joints, 
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by means of a freezing mixture. When enough liquid has con- 
densed in the wash bottle so that the entrance tube dips beneath 
its surface, the further condensation takes place very readily. If 
the preparation is to be preserved, it is distilled into a thick-walled 
glass tube, of the shape of a test tube, which is drawn down at 
its upper end so that when filled it can be sealed by the blast 
flame (Fig. 12). Or the substance can be poured into a sealing 
flask the neck of which is of about the thickness of a lead pencil, 
and can be readily melted together. 

6. Pulverizing. 

Minerals that are to serve as the raw materials for the various 
preparations should, if possible, be bought in powdered form, 
since the crushing of large masses in the laboratory is extremely 
laborious. If the pulverizing must be undertaken, the material 
should be ground in small portions and from time to time the 
fine powder should be sifted from the coarse by means of wire 
gauze. 



CHAPTER I. 


THE ELEMENTS. 

Occurrence, ^iie relative amounts of the more common elements which • 
occur in the earth \s surface, including the oceans and the atmosphere, is 
s}ir)\vn by the followiu^^ table compih'd from statistics by F. W. (Marke: * 


Oxygen 

40 08 

! Sodium . 

2 28 

riiospliorus . . 

0 (’0 

Silicon 

25 oO 

i*otassium . 

2.23 

Manganese . 

0 07 

Aluininiuin . 

7 2fl 

Hydrogen. . . 

0 04 

Sulphur.. 

0 04 

Iron . . 

5 OS 

'ritaniuin . . 

0 30 

Barhiin . . 

0 03 

ralciuin 

3.51 

Carbon 

0.21 

Nitrogen 

0 02 

Magnesium . 

2.50 

Chlorine 

0 15 

(fliromium 

0 01 


It is noteworthy that certain well-known (*l('in(‘nts, which arc* important 
from a jairely chemical as well as from a technical standpoint, are less 
abundant than others that have been studic.*d less and are regard(‘d as 
*‘rare;'^ such as, for exainjde, titanium, which is widely distributed but 
usually oc'curs c^nly in small amounts. 

* The elements, with the exception of those contained in the*, atmosphere, 
sulphur, and the so-cull(‘d “noble” inetal.s, are not as a rule found in a free 
or uncombined state. The most important natural comi)ounds are the oxides 
anci sulphides of silicon, iron, zinc, lead, antimony, mercury), the halides 
((*.;?., of sodium, potassium, rna^^nesium), and the salts containing oxygen 
(silicates, sulphates and carbonates). 

Extraction. The free elements may be se|)arated from onei another, 
and from impurities, by distillation. In this way the constituents of the 
atmosphere have been isolated, and sulj^hur is obtained from the associated 
minerals. In other ca.ses, the elc*mcnt-s arc dissolved out from mixtures by 
means of suitable solvents, c.g. gohl and silver by nu'rcury. 

Oxides are Reduced. The usual reducing agents are hydrogen, car- 
bon or carbon monoxhle (No. 1), aluminium (Nos. 2 to /5), magnesium, 
Bodium, potassium cyanide (Nos. (i and 7), substances in solution, such as 
sulphurous acid (No. 8) and finally the catluxlic action of the electric curr(*nt, 
an agent of very general aj)i)lication. j^ulphides are either changed to oxides 
by roasting, or they are snielt<*d with iron whereby the metal is formed in 
the presence of a slag consisting chiefly of ferrous sulphide (Nos. 10, 11). 
Halid(*s may be decomposed by metallic sodium or the fu.sed salts may be 
electrolyzed (No. 14). 
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From salts containing oxygt*n, the elements are usually obtained by an 
indirect method, as for example by first forming the oxides. Examples 
of direct reduction, however, are the deposition of copper from copper sul- 
phate solution by means of iron, the corresponding precipitation of silver 
by copper, and the preparation of phosphorus by the reduction of acid cal- 
cium phosphate witli carbon at a high temperature. 

REDUCTION OF OXIDES BY CARBON. 

Technically, carbon is the most important reducing agent; its first 
product of combustion, carbon monoxide, also has a reducing power since 
it is readily oxidized further to carbon dioxide; in fact this latter action is 
often the most important, as for example in the blast-furnace process for the 
reduction of iron from its ores. An example of the action of carbon mon- 
oxide at low(T temperatures is the reduction of gold chloride solutions 
(cf. No. 25). The dissociation of carbon dioxide at high temperatures, 
2 (Xfj -= 2 CO + Oj takes place in opjjosition to the combustion of carbon 
monoxide, 2 CO f Og ~ Accurate experiments have recently shown 

that this dissociation b(*comes apprtriabh* at above 1500° ami increases 
rapidly with furtlur rise of temperature, with the result that the combustion 
of carbon monoxide, and conse(juently its reducing effect, becomes dimin- 
ished. This contradicts the opinion which formerly prevailed to the e/Tect 
that incr(‘ase of temperature always favois sucli teclinical reduction pro- 
cess(‘s. 


1. Load from Load Oxide. 

rince a mixture of 50 g. litharge and 3 g. of very fine, siftod, 
wood-e.hareoal in a porcelain crucible, which is from two-thirds 
to three-fourths filled thereby, cover the mixture with 3 g. 
of powdered borax glass and heat strongly over the blast lamp. 
When, after about half an hour, the reduction is complete, pour 
the reduced lead upon an inverted porcelain crucible cover 
which has been previously heated so that the hot lead will not 
crack it. Yield 40 to 45 g.; theoretically 46.4 g. This process 
is used technically for recovering lead from litharge formed in 
cupellation.^ 

Specific (Jravitif Deter minalion. Fasten a clean piece of lead 
weighing from 5 to 10 g. in the loop of a hair, or silk thread. 
Determine the weight of the lead in air (ni)j and the loss in 
weight (w) when it is entirely submerged in water; then if Q is 
the density of water at the temperature of the experiment* and 


* (T No. la. 

* Cf. Tables of specific gravity. 
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» 

i = 0.0012 the density of air, then rf, the specific gravity of the 
lead, is given by the following o(iuation: 

d X) + X. 

ir 

The specific gravity should be computed to not more than five 
significant figures. The observations should bo checked with 
the same piece of lead, or with different pieces from the same 
preparation. The specific gravity of lead is about 11.S51. 

The density, c specific gravity, of an element varies some- 
what with the method of preparation. Thus with antimony 
distilled in vacuum, d 6.62; jiressed antimony, d - 6.60; 
gold distilled, d = 18.88, pressed at 10,000 atmospheres, 

10.27(f)- 

ALUMINOTHERMY. 

Metallic aliirriiniian resists the action of water and the atmosphere, not 
because the metal is difficult to oxidize, fmt on account of the fact that its 
surface becomes covered with a thin, coherent layer of oxide which protects 
it from further attack. If the formation of tin’s layer of oxide upon the 
aluminium is jirevented by amalgamation, then the aluminium is rajiidly 
attacked. Aluminium vessels disintegrate quickly if tluy are jimalgarnated 
with (‘ven a trac(‘ of mercury. 

Remove the oil from 2 to 5 g. of aluminium pow^ler by boiling 
it with a little alcohol; pour off the latter, and cover the alu- 
minium with a V f solution of mercuric chloride. After a few 
miiiulos decantsoff the liquid and wash the powder several times 
with w^ater. Them cover the amalgamated metal wdth winter and 
allow it to stand. Within a short time there is an evolution 
of hydrogen, the mass becomes hcatcnl until finally vapors of 
steam arise, and wdiite hydrated ahuninium oxide is formed. 

It is upon this strong tendency of aluminium to oxidize that the 
j)i*occsscs of aluminothermy are based. 

Mixtures of aluminium and oxides react together energetically, whereby 
the aluminium is converted into oxide and the metal which originally was in 
th(‘ form of the oxide is set fnn*. Since om* gram of aluminium on com- 
bustion yi(‘lds over 7000 calori<*s, almost as much as carbon, and because 
there arc no gaseous products of combustion formed which would carry 
away heat from tlie reaction mixture, the temperature is raised to con- 
siderably above 2000® C. 

A mixture of ferric oxide and aluminium, the ‘Uliermite'^ of commerce, 
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is need for the rapid pipductlon of hl^h teii^eratures lA/a e^nall w^pace, thus 
in welding, riyeting,. fic., by 'thc\ pffldschmiiit pcoceVs. ^ Tho aluminium 
oxidq separates out froln the reaction j^n the foinn‘o£ a very hard, erys^tallino 
substance which oan.be used as dn abrasive'; ^jrften weli-formcd ncodle-like 
crystals are to be found in the hollow^ sjk^es of thc^slag. Metals like man- 
ganese (No. 2), chromium (No. *3), molybdenum (No. 1G6) and vanadium, 
which were fomierly difficult to pmpare^ OV could at best be obtained only in 
an unfused state and very impure, can now be prepared Mfithout dffiiculty as 
fused masses, free from carbon,* by the reduction of their Oxides with aluminium. 

Even silicon and Tfioron can be obtained by an alumi no-thermic process, 
if sul[)hur as well as an excess of alutrfinkim pbwdorMs tiddefi to the oxides. 
The sulphur unites wath aluniiiiiiim and forms a slag of'nluminiuin suljihide, 
by which reaction the high temperature required for the reduction of the 
oxides is rc'aelu'd; under tin* slag a fusc'd mass of metal is formed from which, 
afU'r dissolving away the excess of aluminium, crystals of silicon, or boron, 
are obtained. Magnesiiini, if used in these reactions instead of aluminiuin, 
produces similar results. 


2 . Manganese from Pyroluslte. 

The reaction between alinniniuni powder and pyrolnsite is so 
violent as to l)e almost explosive; it is better therefore to trans- 
form the pyrolnsite first into a lower oxide before carrying out the 
process. Place 500 g. of finely powdered and sifted pyrolnsite 
in a Hessian crucible and heat in a charcoal furna(*e. Mix the 
inangano-manganic oxide, MiigO^, thus ol)tained (about 420 g.), 
with one-third its weight of aluminium powder.^ Choose a 
Hessian crucible, of such a size that it will be about three-fourths 
filled by the mixture, and embed it in sand in a largo, shallow 
dish. At first add only three or four spoonfuls of the mixture 
to the crucible; cover this with 5 g. of ignition pow^der," heaping 
it up in the middle, and insert a strip of magnesium ribbon into 
the powder. It is advisable for the operator to wear colored 
glasses and a heavy glove, and the experiment should be per- 
formed in a place where no danger can result from flying sparks. 
When all is ready, ignite the end of the magnesium ribbon with 
the Bunsen flame; this starts the reaction. Then add the 
remainder of the charge from an iron spoon, not too much at one 
time, but still rapidly enough so that the mass in the crucible is 
kept in a state of brilliant incandescence until the reaction is ended. 

‘ Use the courser aluminium powder prepared especially for the ther- 
mite process, and not the fine powdt’r employed for aluminium paint. 

One part aluminium to 10 parts barium peroxide. 



After cooling, break' ib« '«i*aciMo ^''hammer way j»la$ 
of fused- aluWnbfn%oxiae| :&0^ ;ilf^,^egjdHP. 
ganese. The ^ag^ k very, ,an$ jyill.^ora^h. p^. Yield fif 
mdngaoeae, about ,120'^ ' I^eadent , preparation, .potaepium 
Permanganate, Electrolytically' No. 8|.''. ; ' 

“■ ■' '■ ■• ■• ".', j ,' .. ... 

3. ChromiiMU ffom Cliromf^ ^xiae.^ 

Chromium cariiiot be prepared, at leasf not on a small scale, according to 
the directions given f r mtinganese, befcause-the h^at lilDorated in the reaction 
between chromic dxide and aluminium is not sufficient of itself to melt the 
aluminium oxide.' It is,, therefore, in this.^ase necessary to heat the criici- 
hlo and its contents before starting'the reaction, or to add to the mixture a 
little chromate which, by reactuig more ^^iolently with the aluminium, affords 
the necessary heat. 


1. Mix a])out 70 g. of chromic oxide (No. 30) with one or 
two grams loss than the calciilatod ainouiit of aluminium powder; 
place the mixture in a clay crucihle, which should bo about 
two-thirds filled. Add to (he above mixture 10 to 15 g. of 
ignition powder, and place the crucible in a glowing charcoal 
furnace whereby the ignition powder ignites, and the niass enters 
into violent reaction. Finally remove the crucible from the 
furnace, allow it to cool and break it, together with the slag, 
away from the metallic (diromiurn. Yield, 30 to 33 g. "With 
smaller amounts of the mixture, a porcelain crucible (which is, 
however, very lial)le to break) may be used and heated over the 
blast lamp. 

2. Treat an intimate mixture of 70 g. ignited chromic oxide, 
20 g. fused and powdered potassium pyrocrliromate, and 32 g. of 
aluminium powder, in separate portions exactly as described in 
the preparation of manganese (No. 2). Yield, 30 to 35 g. of 
chromium contained in one large regulus and several smaller 
globules. 

Dependent preparation. Anhydrous Chromic Chloride, No. 44. 


4. Crystallized Silicon. 

Heat some pure, sifted sand in a small evaporating dish until 
thoroughly dried. Mix together 90 g. of the dried sand, 100 g. 
of aluminium powder, and 120 g. of flowers of sulphur in a clay 
crucible which is half filled thereby. Cover the mixture with a 
little magnesium powder and start the reaction by igniting the 
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latter. The experiment must be performed out of doors, or 
under a hood with a good draft, as considerable sulphur diox- 
ide is evolved. After cooling, break the crucible and cover the 
fused pieces with waUn* in a dish also placed under the hood; 
hydrogen sulphide is set free by the hydrolysis of aluminium 
sulphide. The aluminium hydroxide is easily rinsed off from 
the regulus of metal. Treat the giayish-black, glistening metallic 
regulus, and any smaller globules of metal that can be extracted, 
in a beaker with strong hydrochloric acid, keeping it in a warm 
place for several days and renewing the hydrochloric acid from 
time to time until finally all of the ex(;ess of metallic aluminium 
has been dissolved away and a loose mass of silicon leaflets 
remains. Finally boil the crystalline mass with concentrated 
hydrochloric acid. Drain the crystals by siK^tion, wash them 
well with water, and dry in the hot closet. A further treatment 
of the metal with hydrochloric and hydrofluoric acids should have 
no effect. Yield, 20 to 25 g. Dependent preparation, No. 51. 

5, “Crystallized Boron.” ‘ 

Mix 50 g. of anhydrous boron trioxide, 75 g. of sulphur, and 
100 g. of granulated or i)owdered aluminium in a crucible and 
bring the charge into reaction in the same manner as in No. 4 . 
After cooling break the crucible and the solidified melt, treat the 
latter with water and rinse away the aluminium hydroxide, formed 
by hydrolysis, as W(di as the microscopic crystalline needles of 
aluminium oxide. Pick out the lumps of regulus and free them 
completely from the last traces of slag both mechanically and by 
long continued boiling with water. Treat the 30 to 40 g. of 
purified regulus particles thus obtained with concentrated hydro- 
chloric acid, adding only a little at a time, and after the first 
violent action is over let stand in a warm place several days 
until all of the aluminium has dissolved away. *A heavy, black, 
shining mass of crystals is left. Kernove the lighter impurities 
by rei)eated decantation with water; boil with concentrated 
hydrochloric aci<l, j)lacing a round flask filled with cold water 
over the beaker in order to condense the acid vapors; then warm 
with hydrofluoric acid in a platinum dish for several hours, wash 

‘ H. Ifiltz. Bor. 41, 2034 (1908). 
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again^ and finally allow to stand in a warm place with dilute 
hydrochloric acid until no more bubbles of gas are given off. 
The last traces of aluminium dissolve v(;ry slowly. 

About 7.5 g. of small, compact, mostly ()i)aque, black crystals 
arc obtained which Iiave a luster resembling that of hematite. 
The thinnest crystals, which are most often six-sided, show a 
deep dark- red color by transmitted light. The crystals scratch 
glass. They were formerly taken to be pure crystallized boron; 
their composition, however, corresponds to the formula AlBia- 

REDUCTION WITH POTVSSIITM CYANIDE. 

6. Tin from Cassiterite; Melting-point Determination. 

Native stannic oxidc^, SnO^, in spite of the fact that tin is closely related 
to the noble metals, can lx* rediicctl by carbon only at a very high heat. 
The reduction takes place far more readily with potassium cyanide, the 
latter l)(*ing oxidized therel)y to potassium cyanate: 

K(\N d- O - K(^NO. 

This method, on account of the relatively higli cost of potassium cyanide, 
is used only in the laboratory or in the teclmical reduction of very valuable 
m(‘tal.s from their oxides. 

Heat a mixture of 20 g. very finely powdered cassiterite and 
20 g. potassium cyanide in a porcelain crucible, which should be 
id)out threc-(piart(‘rs filled therel)y, for half an hour over the 
blast lamp. A clay mantle may be placed around the crucible 
to lessen the amount of he.at lost by radiation. After cooling, 
wash the regulus of metallic tin (12 to 15 g.) with water. Express 
the yield in ])er cent of tlie weight of mineral taken. Test the 
tin rpialitatively for iron, co])per, and lead, and determine its 
specific gravity. The specific gravity of pure tin (in the white 
modification) is 7.2<S7 at 15°. 

M elling-po int Determination* 

The differenco in tlie energy content of a substance in different states of 
aggregation is a still more essential distinction than the m(‘r(‘ out ward cliar- 
aeteristics, — solid, liquid, and gaseous. Such energy differences can bo mc'as- 
ured in the heat of fusion or of vaporization. 

The melting-[)oint of a substance can therefore be determined very 
accurately if it is unifonnly heated and the changes of temperature,^as 
shown by an inserted thermometer, arc observed. As soon as the melting- 
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point is reached, the mercury remains stationary even although the outer 
temperature is higher; the htuit supplied to the substance is all utilized 
in causing its fusion before any is available for producing a further rise of 
temperature. If the outer temperature is only a few degrees higher than 
the melting-point, the temperature of the substance remains constant for 
a considerable time, so that the thennonieter may be read accurately. On 
cooling a fused substance*, the thennometer likewise remains constant for 
some time at the solidific'.ation point, even when the outer temperature is 
lower. With pure substances tlie melting-point and the solidification-point 
are identical. 

Cut the tin into a few small pieces and place it in a test tube 
of 1 cm. diameter which dips 4 cm. into Ci small beaker filled 
with sulphuric acid. Cover the beaker with a disk of asbestos 
board provided with a hole into which the test tube fits. Heat 
the sulphuric acid until the tin just melts; then heat a ther- 
mometer cautiously over a flame to about 200° and dip it into 
the molten metal. Lower tlie flame under the beaker so that 
the temperature of the bath falls slowly, and, while stirring, 
observe the clfanges of the thermometer reading. At the solidi- 
fication point the temperature remains constant for from 10 to 
20 minutes. In determining this temperature, a supercooling 
occurs regularly; i.e., the thermometer at first falls a few degrees 
below the solidification point while the mass still remains per- 
fectly li(iuid. Then, as the crystals of the solid begin to sepa- 
rate, the temperature rises rapidly to the solidification point, 
where it remains perfectly stationary while the mass is crystal- 
dizing. After this point is determined, iiuu-ease the flame a little 
and find the mclting-i)oint in an exactly corresponding manner. 
Tin melts at 2112° C. 

In using a long, ordinary thermometer the o))scrved tempera- 
ture is always a few degrees too low because the entire thread of 
mercury is not at the desired temperature. Such an observed 
reading gives the “ uncorrected melting-point.” It may be cor- 
rected })y adding the value, ().()0(),16 . a: {t — in which a is 
the length in scaki degrees of the exposed thread of mercury, t 
is theiobserved reading, and the average temperaturo of the 
exposed mercury. This last value is obtained by a second ther- 
mometer, the bulb of which is placed at about the middle of the 
exposed mercury column. The correction is usually spoken of 
as^he correction for stem exposure.” 
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7. Pure Antimony from Basic Antimony Chloride. 

Basic antimony chloride (antimony oxychloride) is a by- 
product in the preparation of antimony trichloride (No. 47). 
Grind the dry basic chloride with twice its weight of powdered 
potassium cyanide, and heat the mixture in a porcelain crucible 
over the blast lamp. To prevent loss of heat by radiation, sur- 
round the crucible with a piece of iron stovepipe, a flowerpot, 
or a larger graphite crucible, the bottom of wdiich is cut off. 
After cooling war h the metallic regulus with water until all the 
adhering slag is removed. The antimony has a silver-white 
appearance and shows a crystalline structure. 

Regarding the specific gravity of antimony, see page 11. 
Dependent preparation, No. 88. 

REDUCTION WITH AQUEOUS REDUCING AGENTS. 

8. Selenium Dioxide and Pure Selenium from Crude Selenium. 

From a dilute acjueous solution of seleiiious acid, the clement selenium is 
precipitated by soluble reducing agents, such as sulphurous acid or hydra- 
zine salts: 

8(‘0, 2 SO., - 2 SO 3 f Sc. 

A suitable solution of s(*lenious aei<l may be obtained by oxidizing the raw 
material with nitric acid; selencV* acid is not fonned under these conditions 
(dilTerence from sulphur). 

Place 20 g. of crude selenium in an evaporating dish, and 
after covering the dish with an inverted funnel, oxidize by the 
gradual addition of 50 g. of concentrated nitric acid. Evap- 
orate the solution upon the water bath; and after drying the 
residue at 110 to 130°, sublime it from wide test-tubes, or from 
an evaporating dish, into a large inverted beaker. The subli- 
mate is usually somcwliat reddish in color, due to the presence 
of a small arnourrt of elementary selenium; therefore treat it 
once more with nitric Jicid, evaporate the solution to dryness, 
and take up the residue in water. Reduce the selenioi]S%cid, 
at the room temperature, by passing into the solution sulphur 
dioxide gas which has been w’^fushed with water. A red precipi- 
tate of selenium is slowly formed; the precipitation takes pla^ 
more rapidly, however, in the presence of a little hydrochloric 
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acid. The red, amorphous product can be dried in vacuo over 
sulphuric acid without change, but by warming it in contact 
with the solution from which it has been precipitated, it goes 
over into gray selenium.' 

Selenium imparts a blue tinge to the Bunsen flame. A porce- 
lain dish held in this flame becomes coated with a brick-red 
(reduction) spot which is surrounded by a white (oxidation) 
ring. At the same time a characteristic, radish-like odor is 
noticed, which can be obtained even more distinctly by heating 
selenium on charcoal before the blowpipe. 

9* Extraction of Gold. 

(lold can be obtained mechanically by panning^’ the stamped, or 
gmund ore, or, inorti advantageously, by treating the powdered ore with 
mercury which dissolves out the gold. Ores with a small gold content, and 
thos(i in which the gold is ehemieally unit(‘d with some other element, are 
treate<l cither with chlorine water, whereby chlorauric acid H[Au(Uj is 
formed, or with [)otassium cyanide solution, which, together with atmosph(u*ic 
oxyg(‘n, conv(‘rts the gold into potjissiuin auroeyanidcs K[Au(( 

For the following experiineuts, employ a sand that is V(‘ry poor in gold; 
in case such is not at hand, mix sand with a little high-grade* gold ore, or 
moisten the sand with a gold solution and dry it by ignition. 

Krohneke's Method of Preparing the Gold Solution, Mix 10 
to 100 g. of ore intimately with one-fourth its wciight of sodium 
chloride (to form NaAgCl, with the silver !)resent) and a little 
potassium chlorate; moisten the mixture well with concentrated 
hydrochloric acid in a small flask, and allow it to stand for 12 
to 24 hours at the room temperature with occasional shaking. 
Then heat it on the water bath until the greater part of the fi*(je 
chlorine has been expelled. Finally, dilute with water, whereby 
any silver chloride is precipitated, and filter. Evaporate the 
filtrate to a small volume on the \vatcr bath, and carry out 
with this solution the two reactions given below. 

Ddring's Method of Preparing the Gold Solution. Place the 
sample of ore in a glass-stoppered flask, add 1 c.c. of bromine and 
aboul the same amount of ether, and shake frecpiently. After 
two hours — vapors of bromine must still be visible — add 
50 c.c. of water and allow the mixture to stand another two hours 

‘ V(*.s.si‘ls stained with selenium can be cleaned with potassium cyanide 
solution, whereby readily soluble KCNSc is formed. 
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in a warm place. Filter the solution and evaporate it to one- 
fourth of its former volume. 

Reactions. To detect the presence of gold in either of the 
above solutions, treat one part with freshly-prepared ferrous 
sulphate solution, whereupon the liejuid first assumes a reddish- 
violet coloration, and then becomes turbid through separation of 
gold. With the solution prepared l)y the Krbhncke method a 
considerable (quantity of the ferrous sulphate should be used. 
Treat a second portion of the solution with a few drops of bro- 
mine water and a little stannous chloride solution, whereby the 
solution becomes colored at first 1)1 uo, then brownish violet, and 
later red; in this test an adsorption compound of gold and 
stannic hydroxide is formed (Purple of Cassius); cf. No. 25. 

According to the above directions, the presence of about 
0.05 mg. of gold in the ore may be detected. 

DESULPHURIZATION OF SULPHIDES IIY THE PRE- 
CIPITATION PROCESS. 

10. Antimony from Stibnitc. 

Sulphides containing h'nd and antimony aro frccjur'iitly treated inetalliir- 
gically by the so-calUnl “Precipitation Process.^' By this is understood the 
fusion of the ore vvitii iron and suitable substanc(‘s to form a slag, whereby 
the iron serv^es as a desulphurizing agent. Thc^ sulj)liide of iron formed dis- 
solves ill the slag, and the precipitated metals collect at th(‘ bottom of the 
furnace. 

Place a mixture of 100 g. powdered stilmite, 42 g. iron filings, 
10 g. anliydrous sodium sulphate, and 2 g. wood-charcoal jiowder 
in a Hessian crucildc and heat in a (diarcoal furnac^e. The tem- 
perature should not rise high enough to melt the iron sulphide 
slag completely, but just sufficiently to soften it; this point is 
determined by stirring the fusion with an iron rod. After cool- 
ing and liroaking the crucible a fused mass of antimony, weigh- 
ing about 65 g., is found at the bottom. Test a sample of this 
crude antimony qualitatively for the presence of arsenic, Cvipper, 
iron, and lead. 

Purification I. Mix the finely powdered crude antimony with 
one-fourth its weight of powdered stibnite and an equal amount 
of anhydrous sodium carbonate, and melt over the blast lamp in 
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a porcelain crucible surrounded with a clay mantle. Yield, 60 to 
65 g. 

Purification 11. To remove arsenic from the antimony puri- 
fied according to I, pulverize the metal again, mix it with 4 g. 
sodium carbonate and 0.2 g. potassium nitrate, and melt the 
mixture in the manner just described. Yield, 50 to 55 g. of pure 
antimony. Dependent experiment, No. 88. 

11. Mercury from Cinnabar; Sodium and Ammonium 
Amalgams. 

Heat a mixture of 23 g. cinnabar and somewhat more than the 
calculated amount of iron filings in a small retort of difficultly- 
fusible glass. The mercury distils into a small flask which serves 
as receiver. Yield, 16 to 18 g. 

Sodium Amalgam. Pour the mercury so obtained into a test 
tube and add clean, freshly cut pieces of sodium, a))oiit the size 
of grains of wheat, waiting each time before adding a fresh piece 
until the previous one has reacted; tow^ard the end assist the 
reaction by heating. Use 1 g. of sodium in all. After cooling, 
break the test tube and collect the amalgam, which will keep 
indefinitely when preserved in well-stoppered vessels. A lump 
of sodium amalgam placed in water gives a uniform evolution of 
hydrogen. 

Ammonium Amalgam. Introduce a few grams of sodium 
amalgam into 20 to 30 c.c. of ice-cold, concentrated ammonium 
chloride solution; the amalgam at once begins to swell, and is 
changed to a gray spongy mass of extremely voluminous ammo- 
nium amalgam. Ammonium amalgam decomposes completely, 
within a short time, into hydrogen, ammonia, and mercury. 

ROASTING PROCESSES. 

1*^. Lead from Galena. 

By. the “roasting process’^ galena is first partly oxidized at a relatively 
low tcMiiperaturo to lead *)xide or lead sulphate; then without any intro- 
duction of air the mass is heated mon‘ stn)ngly, wh(*reby the oxygen of the 
lead oxide and l(*ad sulphate aecoinplishes the oxidation of all the sulphur 
present to sulphur dioxide. Only tho.so ores are suitable for roasting which 
cotitain but small amounts of silicates and of sulphides of other metals. 
Silicates are harmful, since they give rise to the formation of haid silicate. 
As it is diirieult to conduct the partial roasting satisfactorily upon a small 
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scale, it is better in the following experiment to start with a mixture of galena 
and litharge: 

PbS -f 2 PbO « 3 Pb + SO-, . 

PbS + PbSO, - 2 Pb -h 2 SO,. 

Place an intimate mixture of 20 g. very finely powdered 
and sifted galena, and 37 g. litharge in a small clay crucible, 
and heat it in a furnace as quickly as possible to a bright red 
heat. After about half an hour, allow the contents of the 
crucible to cool, and hammer away the regulus of metallic lead 
from the broken crucible to which it adheres because of a glassy 
film of lead silicate. To purify the lead, hammer it into a piece 
as thick as one's finger, and melt it in a test tube while shaking 
lightly. Calculate the yield in per cent of the theoretical. 

CUPELLATION. 

13. Pure Stiver from Coin Metal. 

If an impure noble metal is alloyed with lead, and the alloy is maintaine<l 
in a state of fusion in an oxidizing atmosphere, lead oxide is formed and 
flows off, taking with it the oxides of the contaminating metals. This 
pmeess is made use of technically for obtaining pure silver from tlie impure 
metal, and for working up argentiferous lc*a<l which is obtain(*d in the metal- 
lurgy of certain lead ores; the process is likewise used on a small scale in the 
rapid and accurate (puuititative estimation of silver and gold in ores or metal- 
lurgical products (fire-assay). 

Melt together, by means of a slightly luminous flame from a 
blast lamp, about 0.3 g. of silver coin and 1 g. of pure lead in a flat 
cavity, made as smooth as possible, in a piece of blowpipe char- 
coal. Press some bone-ash firmly into a small porcelain crucible 
with a pestle so that at the top there is a slight hollow with a 
coherent, perfectly smooth surface. Place tlie metallic button 
by means of pincers upini the bone-ash whicli is to serve as a 
cupel. Support the porcelain crucibh^ on a clay triangle, or 
embed it in sand, with its top slightly inclined towairds the blast 
lamp; and direct the point of the oxidizing flame toward the 
vicinity of the button, and some of the time directly upon it. 
At first keep the metal but barely melted, as otherwise it is 
likely to spirt. The lead oxide, as fast as it is formed, runs off 
and is absorbed by the bone-ash ; in order that it may not all 
run into the same place change the inclination of the cruci])le 
from time to time. Continue the heating until the size of the 
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button no longer cliniinishes; towards the end apply a higher 
heat, whereby films of metallic oxide run across the button in the 
direction of the oxidizing draft, and lead oxide separates out on 
the opposite side in the form of dark-brown crystals containing 
copper. The end of the process is reached upon the disappear- 
ance of the oxide film, which at the last shows for an instant a 
rainbow-like play of colors. This is known as the blick.'' After 
this point is reached, further heating causes a loss of silver by 
volatilization. During the process a part of the lead is volatilized. 

The metal still contains a small amount of copper. Melt it 
again with 1 g. lead, and cupel the greater part of this lead away 
as before, using a fresh cupel. Free the button from bone-ash 
by hammering it into a cube (holding it in pincers), and remove 
the last traces of lead by heating it on a third cupel. Weigh the 
silver button that is finally obtained. Yield, 96 to 97% of the 
actual silver content of the coin. 

METALS BY ELECTROLYSIS. 

14. Lithium from Fused Lithium Chloride. 

Fu.scd lithium chloride', like the* aepieious .solution of the salt, is largely 
dissociated olectrolytically ; and if it is subje'ctenl to the action of an ch'ctric 
current, the free e*le‘ments, lithium anel chlorine, separate at the e'lectrode's in 
aecordance with the following equations, in which © and © re'present 
definite amounts e^f ele'ctricity : 


Li 

0 


Li -h 0 © (reaction at theoiithode) 

lithinin 

iioj?ativc 


neutral 

ioii 

electricity 


electricity 

n© 4 - 
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noutr-al 
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electricity 


According to Farnday's Law, equal amounts of electricity cause the 
deposition of equivalent amounts of eiifTcrent substances; and, in fact, as 
measurements have shown, 90,510 ampere-.seconds * discharge one gram- 
Of pii valent of a substance. This amount of electricity, therefore, will under 
the most favorable conditions (i.e., when all of the current passing through 
the fused lithium chloride is utilized for the purpose of electrolytic deposition) 
liberate one atomic weight in grams of both lithium and chlorine. Thus, 
for example, if a current of 1 ampere should i)ass for one hour, the quantity 

. . 1 j 11 u 7.08x :ifi00 

of lithium deposited would be — =« O.JbJ g. 

^ One ampere-second = one coulomb; 96,540 coulombs = one Faraday. 
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In carrying out electrolytic preparations, the apparatus is usu- 
ally arranged in accordance with the following scheme (Fig. 9), 
wliicli is, in principle, identical with that employed in electro- 
analysis. The decomposition cell, an ammeter, and a regulating- 
resistance are introduced in series into an electric circuit. The 
binding clamps of the cell may also be connected with wires from 
a voltmeter in order to determine the difference in potential 
between the two poles during the electrolysis. The ammeter 
should remain in the circuit throughout the whole of the elec- 
trolysis; the voltage is measured only from time to time, and 
has less value for determining the course of the reaction 
when one is working according to well-tested directions. A 
storage battery may serve as the source of electricity; for meas- 
uring the current and voltage the simpler and inexpensive instru- 
ments suffice, but they should be compared with instruments of 
precision. 



DutUiry 



Fig. 9. 


In all cases where a metal which decomposes water is to be 
prepared, a fused compound rather than its aqueous solution must 
be used for the electrolyte. The melting-point of the salt may be 
lowered by admixture with some other suitable salt. 

Mix together 30 g. of dry lithium chloride and an equal weight 
of dry potassium chloride in a porcelain crucible, 6 to 8 cm. 
high and 0 cm. in diameter. ■' Melt the mixture and then after 
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starting the electrolysis maintain a sufhcient flame to supplement 
the heating effect of the current in keeping the mass just li({ui(l. 
For the anode, use a rod, O.S cm. in diameter, of arc-lamp car- 
bon which is not attacked by the liberated chlorine; and for the 
cathode use an iron rod 0.3 cm. thick. Insert the cathode 
through a cork in the upper end of a glass tube, of 2 cm. 
diameter, and place the whole in the fused electrolyte' so that 
the glass tube dips 1 cm. below the surface and the iron rod 
0.3 cm. deeper (Fig. 9). The metallic lithium collects in the 
space between the iron wire and the glass tube, and the glass 
mantle, protects it from being disseminated throughout the elec- 
trolyte. When all is ready close the circuit, noting the time, and 
regulate the resistance so that a current of between 6 and 10 
amperes passes. In order to obtain this current, the voltage of 
the storage battery, siivjc it has the resistance of the electrolyte 
to overcome, must not be too small; it ^ould be between 7 and 
12 volts (3 to 6 accumulator cells connected in series). During 
the electrolysis note frequently the time and amperage, and from 
these readings compute the number of ampere-seconds by multi- 
plying the average reading of the ammeter by the number of 
seconds which have elapsed. 

When the reaction is progressing with moderate strength, but 
without being disturbed by too vigorous an evolution of chlorine, 
metallic lithium can be observed collecting at the cathode 
in the spa(?e between the iron rod and the glass tube. From 
time to time flashes of light occur at the anode whicdi are prob- 
ably due to an insulating envelope of chlorine gas which is 
formed about the carbon and causes a marked lessening of the 
current; this difficailty is easily remedied by occasionally break- 
ing the circuit for a moment. At the end of twenty minutes a 
considerable amount of lithium should have collected, liaise 
the cathode from the fused salt, holding an iron spoon to pre- 
vent any lithium from falling out of the glass tube, and dip the 
whole under petroleum. After cooling remove the lithium from 
the tube with a knife and weigh it under petroleum. The current 
yield, i.e., the yield reckoned on the arru)unt which the current 
should theoretically produce, is about 70%. 

The lithium thus prepared is contaminated with a little potas- 
sium. Determine the specific gravity by means of a pycnometer, 
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using pcirolciiin of known density. For this purpose weigh the 
pycnometer (1) eni])ty, (2) filled with petroleum, (.S) contiiining 
the lithium alone, and (4) containing the lithium and enough 
petroleum to fill the instrument completely. hVom these weigh- 
ings and the known s])eciric gravity of the petroleum, the density 
of th(‘ lithium can be computed; it should be 0.534. 



CHAPTER II. 


CHANGES OF CONDITION. 

Changes in tlio state of aggregation of substances have already been men- 
tioned in the prec(‘ding chapter; but under changes in condition are ineliid(‘d 
al.so polymerization and diss(»eiatioii, as well as the fonutilion of allotrof>ie, 
])assive, amorphous, and colloidal modifications. The.se phenomena are, with 
few exceptions, not confined to any particular class of substances. 

POLYMKUIZAITOX AND DISSOCIATION. 

The phenoiiKUia of polymerization and dissociation, as far as they 
occur with gas(*ous or di.ssolved bodies, are capabh* of a complete tlu'oret- 
ieal interpretation. By polymerization is undcTstood the a<lding togetlnw of 
particles of material of the same kind to form largiT aggr<‘gates; th(‘ oppjjsite 
of tliis process is dissociation. The oceurnuice of either may bi* deunon- 
strated by tletermining the molecular weight of tlie substance* in the vaporized 
or dis.solved state*. For exa!n])le, the diatomic ioeiine molecules di.ssociate 
at high te‘mpe*ratuivs inte) atoms; on cooling, the atoms again poly- 
ine'rize into molecules of the original sort: 

Dis.se )eiation 
1, - 2 I 
l^ilymerizatiejn 

Tn a similar way ferric chleiride forms simple inolecul(\s at high temperatures, 
aiul dejuble mole.*cul(.*s at lower teinperatun*s: 

Dis.sociat iein 

yv,n,~jki% 

I’eilymerizatie)!! 

The* enumeratiem of experiments illustrating these phenomena may bo 
dispen.sed with at this point; the conception of dissociation, Imwever, is 
elevel(')j)ed more fully in the general section of (Chapter TTI, .aiul that of elec- 
trolytic dissociation in the se*ctions on acids, bases, and salts, and in No. ,‘14. 
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ALLOTROPY.' 

Many solid substances aj)pear, under different conditions, in two or more 
distinct forms (known as allotropic modifications), which are distin^^uished 
from one another by color, density, crystallim^ form, solubility, and other 
physical properties. The best known instances of this are shown by carbon 
and phosphorus. 

In the same way that different states of aj^^^regation are separat<‘d l)y a 
temp(*rature boundary which is dependent on the pressure, so also for the 
mutual transformation of numerous allotropic forms, there is a definite tem- 
perature, dependent only on the pressure, below which the one, above which 
the oth(‘r form is st hie. This is known as the transition temperature. 

In addition to this sort of allotropy, which, because the two forms can 
change simultaneously into one another and can exist in (*(|uilibrium at the 
transition banperature, is known as r//u//bV>/ro/)//, there is also a s(‘cond sort 
known as nionotropif. Two modifications of a substance are monotropic 
when the one changes into the* othc'r, but th(» latter cannot change back 
din'ctly into tlie first. Tliey poss<*ss no transition t<*mp(‘ratur(*; oik* form is 
un<ler all conditions li'ss stable than the otlier, and therefore is only to be 
observi'd in virtue of the (‘xtreme .slowness with whicli the transform ition 
taki‘s plac(*. 

An example of enantiotropy is shown by sulphur, which above 00® is 
inonoelinic, below 00® rhombic. An examph* of inonotropy is furnished by 
iodine chloride, fCl, tin* labile form of which melts at 11® and the stable 
form at 27°. (Of. No. oo.) 

The ciK'rgy diff(*rence betw(*en allotrof)ic modifications corn'sponds entin'ly 
with that existing between the solitl and tin* iKpiid .slat(‘s and, like the latter, 
is mea.sured by the heat of transformation. 

For determining the tran.sition point of allotropic forms, the following 
methods are chiefly us(mI; 

(1) Tlic Theumk? Method. The point on tlu* heating or cooling curve is 
determined at which, in consi‘quence of the absorption or sitting free of the 
h(*at of transition, a retardation in the oth(*rwis(‘ steady ri.se or fall of tem- 
p(‘ratiire occurs; compare the (h'termination of tlu* melting-point of tin, 
No. f), also Nos. 15 and If). 

(2) The Dil.vtometric Method, which depends on a comparison of the 
densities (or i)f the volumes) on both sides of the transition point. 

(d) The OmTCAL Methods, which frcMpnaitly pennif a very sharp observa- 
tion of a {•h;ing(» in crystalline form, or in color, at the transition point. 
(No. 17.) 

(4) Electrical Methods, (a) The eh‘ctrical conductivity of a sulistance 
is plotted graphically against the t<*mj)erature and the point of inflection of 
the curve determined. 

^ Concerning allotropy, .see also B. Roozeboom, Heterogene Gleichge- 
wichte, Vol. 1, p. 100 (1901;. 
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(b) Tho tfniperature is foiiiul at which the ditTerence of potential between 
each of the two modifications and some common electrolyte is the same; in 
other words, tlic electromotive force of an element constructed from the two 
modifications and a cotnmon electrolyte is equal to zero. 


15. Allotropy of Silver Sulphide. 

Silver sulphide has a transition temperature of above 170®, which can be 
d(‘termined both from the electrical r(‘sistance and from the cooling curve. 
The phenomenon of supercooling not being v(*ry pronounced with this sub- 
stance, a point of inflection is found on the cooling as well as on the h(‘ating 
curve; on the foriiKT it lies naturally at a lower temperature than on the 
latter. 

In order to prepare silver sulphide, treat a hot solution of about 
20 g. of silver nitrate in 300 to 400 c.c. of water with hydro- 
gen sulphide, and wash the precipitate by decantation. After 
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removing the liquid by suction, dry the preparation in the hot 
closet. Silver sulphide thus formed is not absolutely free from 
uncombined sulphur. 

Place about cS g. of the silver sulphide in a test tube and insert a 
thermometer. Heat the test tube to ai)out 290° in an. air bath, 
consisting of a porcelain crucible covered with a piece of asbestos 
board. Some suljihur sublimes, but this does not interfere with 
the experiment. Then transfer the test tube quickly to a small 
beaker containing sulphuric acid or paraffin at 145°, which tem- 
perature must be kept constant to within a few degrees throughout 



ALLOTROPIC’ MODIFICATIONS OF SI'LPHFR. 29 

the experiment. Read the temperature every 10 seconds and 
plot the results (Fig. .10). 

When the temperature has fallen to about b‘10°, proceed to 
obtain the heating curve by warming the bath so that its tem- 
perature keeps constantly 20^ or 80° above that of the sulphide 
(Fig. 11); the continuous curve gives the bath temperatures, the 
dotted one the readings for the silver sulphide. The point at 
which the transformation is finished, and the temperature begins 
to rise rapidly is particularly sharp. 

ic;. Allotropie Modifications of Sulphur. 

Monoclinic sulpliur luis a density of l.Oti and a inellinp-poini of 119.20°; 
rhombic sulphur a <lensily of 2. (Mi atul a nieltinj 2 ;-jmint of 112.S°. When sul- 
phur crystallizes from a solution in carbon bisiilpbidc, it is obtained in the 
rhombic modification, which at room temperature cun be f)rcsorvod unchanged 
for an indefinite time. If on llie other hand melted sulphur is allowed to 
solidify, th(‘ crystals which forni are not of the rhombic, but are commonly of 
the monocliide, modification; this iiKHlification persists for some time, even 
below the transition t(‘mperature, as an unstable form, for the reason that the 
transition takes place slowly. In addition then' have been six or seven other 
allotropie forms of sulphur shown to exist by crystallographic optical rnethuils. 

Mo nodi me Siiljfhur. Tmnsfortnaiion into Rhombic Snlphin\ 
Heat al)out 7 g. of sulphur in a test tube until it has melted and 
begun to turn dark-colored (110® to 150°); dip a thermometer 
in the licjuid and clamp it in position. Allow the melted sulphur 
to cool in a sulphuric-acid^ bath at <S()° to 00°, and when it is at 
110° arrest the sui)ercooling by dipping a glass thread into the 
melt. Tlie sul})hur crystallizes to a wax-yellow mass of trans- 
parent monoclinic needles, while the liberated heat of solidifica- 
tion i’ais(\s the temperature , several (k'giws. By the next day, 
or more quickly on moistening the mass with carl on disulphide, 
the crystals become light-yellow and o})aqiie, changing thereby 
into an aggregate of rhoml)ic crystals. 

Transformation of Rhombic into Monodinic Sulphur. Heat a 
few clear crystals of rhombic sulphur for t wo or throe hours in a 
test tube which dips in a bath of a boiling, concentrated solution 
of common salt (temperature 108° to 112°), replacing when neces- 
sary the water evaporated from the bath. The sulphur cp>'stals 
gradually become clouded, and change finally to a friable, light- 
yellow mass ,of monodinic sulphur. 
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The Transldon Tempernture from the Heating Curve, The cool- 
ing curve of sulphur do^s not, when determined in the simplest 
manner, show an exact point of solidification, because this is 
dependent on the temperature to which the matei’ial has pre- 
viously ))ecn heated; nor does it indicate sharply the transition 
temperature, on account of the ability already mentioned of 
rnonoclinic sulphur to persist in* the unstable condition. , Both 
values, however, can be established within if the rate, is 
measured at which the temperature of rhombic sulphur rises with 
a uniform application of heat. 

Melt about 7 g. of sulphur in a test tube, place the bulb 'of 
a thermometer in the liquid, let the latter solidify, and after 
moistening it with a little carbon bisulphide allow it to stand until 
the next day. It is well also to prepare one or two duplicate 
tube's in the same manner. Heat one of the tubes in a sulphuric- 
acid bath in such a manner that the temperature of the bath 
keeps constantly about 15^ in advance of that shown by the 
thermometer in the tube, and never rises more ra])i(lly than 1^ in 
10 seconds. Read the thermometer every 10 seconds between 
60® and 120®, and plot the corresponding temperatures and times 
on (^ocirdinate pajjor. The rise in temperature is retarded 
l)etween 95® and 100® (the transition point) in consequence of 
the amount of heat absorbed in the transformation. In the 
fui'ther course of the curve there is only a moderately rapid rise 
in temperature, — partly because the transition is not completed, 
partly because melting begins — until, above a point between 
115® and 120® (the melting-point), the tem])crature again rises 
rapidly. 

Allow the melt to cool again, and induce crystallization 
between 110® and 100® by means of a glass thread, or ])y seeding 
witli a minute moiioclinic crystal; then allow to cool further to 
60®, and repeat the experiment. Tliis time, since only mono- 
clinic sulphur is present, there is no indication of a transition 
point; the melting-point, however, is shown, although, as in the 
I)receding experiment, it is not sharply defined. 

ActorHii^^ to recent invest ijxiitions, it seems j)()ssibl(‘ that a relation may 
1)0 shown Ix'tween the characteristic changes in consistemey and color which 
sulphur undergoes on further heating and the existence of allotropic li(piid 
modifications. This would constitute, if we disregard the so-called ‘Mi(piid 
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crystals,’^ the first example of allotropy in tluvli(juitl state. The views held 
concerning thpsc phenomena are, however, at the present time very con- 
tradictory. 

When Sulphur is heated in a test tube above 160° it becomes 
dark and go viscous that the tube can be inverted without the 
, sulphur flowing out. ♦ 

if. Transition Point of Cuprous Mercurilodide Cuj [Hgl J and of 
Silver Mercurilodide Ag., [Hgl4] . 

First prepare mercuric iodide by precipitating a solution of 
6.8 g. of mercuric chloride with a solution of 8.3 g. of potassium 
iodide. Wash the precipitate once by decantation, and dissolve it 
together with 8.3 g. of potassium iodidcj in 50 c.c. of water. Mix 
the filtered solution with another filtered, concentrated solution 
containing 12 g. of blue vitriol, and pass sulphur dioxide into the 
filtrate, in order to reduce the cupric %alt. The sulphur dioxide 
can b(‘ prepared from sodium sulphite and sulpliuric acid (cf. foot- 
note, page 71). A lu’ight-red precipitate is produced of some- 
what the appearance of mercuric iodide. Wash it thoroughly on 
the suction filter and dry it in the hot closet. Yield, about 20 g. 

Cuprous niercuriiodide is transformed at about 71° into a 
black modification. The color change can be observed if a pinch 
of the material is gently heated in a test tube over a free flame; 
on cooling, the black color changes again to rotl. To determine 
the transition temperature, a sample may be heated slowly in a 
dry tost tulje which is immersed in a l^eaker of water containing 
a thermometer that serves also as a stirnu*. By means of several 
repetitions, the t?’ansition temperature may be obtained in this 
way with considcu'able accuracy. 

The silver snlt also of hydromercuriiodic acid, Tl 2 [Hgl 4 ], })os- 
sesses a transition point between 40° and 50°, which is likewise 
characterized by a change in color. Below this tem])orature the 
salt is yellow; alcove, it is red. 

Precipitate a few cubic centimeters of mercuric chloride solu- 
tion with a solution of potassium iodide, and redissolve the pre- 
cipitate in an excess of the precipitant. Then add a few drops of 
silver nitrate solution and ol>serve, without filtering, the change in 
color of the precipitate on heating and cooling. This transition 
point is less sharp than that of the copper salt. 
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THE PASSIVE CONDITION. 

Tlio change of some metals, particularly chromium- and iron, into the 
passive condition is a phenomenon distinct from allotropy, and one of which 
the significance is not yet fully understood. The surface of metals when 
passive is more “noble’' than when they exist ii> the ordinary state, as is 
shown by the lesser tiaulency to react chemically, and by the electrochemical 
behavior; in other rcsf)ects there is no distinction between the ordinary ami 
the passive conditions. 

Metals can be obtained in the passive state by treatment with nitric acid, 
or other oxidizing agents, or by anodic oxidation. 

18 . Passive Iron. 

Fill a small |>faker with concentrated nitric acid, a. large* one 
with water, and another small one with copper sulphate solutiSh. 
Suspend a piece of Iron 4 to 5 cm. long (a thick iron screw will 
answer) bv a platinum wfi^e and submerge, it completely iii the 
nitric acid, then lift it cautiously from the acid, rinse it in the 
water, and finally dip it into the copper sulphate solutioif]^, using 
care in 6ach operation not to allow the iron to Como in contact* 
with any solid object, nor to suffer^ any jar. When the iron iS 
taken from the copper sulphate solution it shows a gray color; 
it has not reacted with the copper salt. The reaction takes, place 
immediately, however, when the passive condition is des.troye(l; 
for example, by striking a sharp blow with a glass rod. Starting 
from the point hit, a coating of copper, which precipitates frojm 
the adhering film of copper salt solution, spreads over the sur- 
face of the iron. ^ 

The experiment can be repeated immediately, for the coating 
of copper is quickly dissolved in the nitric acid. When carried 
out on adarger scale this experiment is well adapted for lectui^ 
demonstration. 


AMORPHOUS STATE. 

As almady stated, Jlie phenomenon of supercooling is very generally obsor\Td 
when melt(*d substances solidify. This can often be obviated by means . of 
** seeding" with small fragments of the crystallized substance. In other 
cases the supercooling persists far below the true temperature of crystalli- 
zation, and a gradual changing into the crystalline form takes place only very 
slowdy, or perhaps not (‘Vi‘h to a detectable extent. Such strongly super'"^ 
C()oled fluids are designated as amorphous substances when they,- like glass 
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or obsidian, possess such a viscosity that they appear to be solid bodies. 
The amrjrphous soii<l condition is, therefore, not distinguished from the 
fluid stale by any discontinuity, but is so distinguislied from the solid 
crystalliiK* condition. It is possible by certain expedients, for example by 
continued hetiting at just below the melting-point, to hasten the rate of 
crystallization, as in the devitrification of glass. With substances winch are 
capable of solidifying in either a crystalline or amor|>hous condition, the 
quantity of crystals obtained is for this reason greater, ..the more slowly the 
cooling takes place. , 


19. Amorphous Sulphur. 

Distil -40 g. of sulphur from the bulb of a small retort and 
. prllow half, as it condenses in the neck, to flow into a mixture of 
^ic,e'and water, the other half into boiling water. ®ry theses two 
preparations 'externally with filter paper, thep leave them for 
sey^ftl, hours at 50° to 60° to dry ^stil||^further. The nexf day 
extract 5 to 10 g. *of each of the samples with carbon bisulphide 
ih a Soj^hlet apparatus, using a weighed extraction-thimble. 
Determine, by weighing again, the percentage of each sarr;ple of 
sulplupr which has been dissolved in, the carbon bisulphide. Tlie 
sample which was slowly cooled dissolves almost completely, 
since it has changed into the Soluble rhombic form; the sud- 
denly cooled sample leaves behind 30 to 50% of amenphous, 
insoluble sulphur. 

If a mixture of sulphur and ammonium carbonate is distilled, 
and “the sulphur„as in the first case above, is cooled suddenly in the 
freezing mixture, a product is obtained which contains 90% of 
the: soluble rhombic form, since the presence of ammonia accel- 
erates, catalytically the transformation. 


COLLOIDAL STATE. 

A large number of substances ar^ capable of apparently dfesolving in water 
to fonn what may be termed pseudo-solutions; such pseudo-solutions are 
characterized by an extremely small dilfusive power, a low osmotic pressure, 
and an inability to undergo dialysis; in these respects they differ from true 
solutions of crystalloids, and are thus called colloidal solutiom (Graham, 1802 ). 
Colloidal solutions arc distinguished, according to the nature of the solvent, 
as fnjdrhsots^ alcosols, etc. If the dissolved, or, more correctly, the pseudo- 
dis$Qhed substance is separated from the solvent, it is often found hot tq 
have lost the power of again passing into colloidal solution (reversible colloids). 
On the other hand, there are numerous substa^ices, particularly inorganic ones, 
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wliich are unable of themselves to pass directly into colloidal solution, but 
can by suitable means be brought into that state; if such substances are 
separated from the solution, they do not possess the power of dissolving 
again unaided (irreversible colloidals). 

Solutions of irreversible colloids can be obtained by disintegrating the 
substance in the electric arc under water (Bredig's method; see No. 20), by 
forming the substance in aqueous solution by double decomposition and 
preveiitiiig its precipitation by suitable means (Nos. 21 ; 24, Note on 
zircon oxide hydrosol; No. 25), or by previously imparting to the solid the 
ability to dissolve l)y treatment with small quantities of alkali or acid. The 
last method was compared by (Irahain with the process of digestion and 
called l)y him jtcptouization (No. 25, tin-qxide hydrosol). 

By means of ofitical methods (ultramicroscopic investigation), it has been 
proved that many of these colloidal solutions consist n^ally of suspensions of 
extremely small particles the size of which can be estimated down to a 
diameter of about (i pn. Tn this manner tlie formorly-vi'ry-inizzling fact of 
the existence of solutions of substances that an' ordinarily insoluble, such as 
gold, platinum, and the sulphides of tlie liea\y metals, finds its explanation. 

Many irrevi'rsiblo colloids s(*parate out from their solutions .as vohiini- 
nous precipitates containing a large amount of water {hijdrogch). Such 
hydrogels as, for example, tho.se of ferric oxide, aluminium oxide, and silicon 
oxide, can also be obtained din'ctly by chemical pr(*ci})itation from solution. 
These precipitates contain a great deal more water than would correspond to 
their hydroxide fomuilas (Fc(()ir)j,, AKOlDg, Si(()lJ).„ etc.), and since the 
water thus contained does not show the characteristics of chemically com- 
bined water (comj)are the theoretical si'ction on Hydrat(*s preceding No. 144), 
these precipitates should be designated, according to van Beinmelen, as 
oxide ht/drogcla, or by their (»ld name of Injdnited oxides. 

The change from the hydrosol to the hydrogel state is most simply 
brought about by the addition of an electrolyte. Many colloidal solutions 
are exceedingly sensitive to electrolytes (gold solution, No. 25); the most 
essential condition for the preparation of the solution must theri'fore be the 
ab.s(*iice of any unnecessary electrolyte. Even reversible colloids can be 
separated from their solutions by the addition of large amounts of an elec- 
trolyte; the process is tenned “salting out, and is employed in the pre- 
cipitation of proteins and dyestulTs (No. 24). 

ADSORPTION COMPOUNDS. 

Adsorption is the phenomenon shown by certain substances having a 
large surface (for example, wood-charcoal) of condensing gaseous or dis- 
solved substances upon themselves. Adsorption is a special kind of natural 
phenomenon which is quite distinct from the process of solution. 

It has been shown, es])ecially by van Bemmelen, that the typical col- 
loids exhibit a particularly high power of adsorption; and also that organized 
matter, such as plant fibers and decayed material like humus, possess the 
same power. The latter classes of substances are, therefore, included among 
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colloids, especially since in contrast to crystalloids they lack a definite fomr, 
bounded by rigid surfaces. 

Among other instances in which adsorption may occur, the following are 
of especial importance. It may take place: (1) between liquids and solid 
substances (as when moisture is rc^tained by many solid substances and par- 
ticularly by hydrogels); (2) between dissolved substances and solids (as in 
the dragging down of dissolved salts by precipitates arui in the adhering of 
fertilizer salts in the soil; cf. Nos. 22 and 2li)\ (3) between dissolved rt‘V(*i- 
sible colloids and solid materials (as in numerous dyeing proces.ses; No. 24). 
The combinations so produced arc knowm as adsorf)tion comj)ounds. 

For many a(lsori)tion processes, definite relations exist between the con- 
centration in the solution of the substance ad.sorb(‘d and th(» composition of 
th(‘ adson)tion compound. Adsorption acts relatively more strongly the 
less concentrated the solution (cf. No. 22). Many adsorption compounds 
are of so speeifit; a nature (for example, iodo-starch) that it has been only 
after the investigation of the <piantitative relations betwtvn their com- 
j)osition and the conditions under which tliey are formed that their 
difference from trin‘ chemical comjiounds has l)een establisluHl. Such an 
exhibition of adsorptive power as this has also been designated as affinity of 
condition. 

Different dissolved colloids can also mutually combine to form adsorption 
compounds: gold hydrosol \Nhich is so (‘xeeedingly sensitive toward elec- 
trolytes can, by the addition of a non-sensitiv(' colloid such as gc'latin, bo 
itself mad(* stable toward eh'ctrolytes; this would tend to show that a com- 
bination had taken i)lace l)etween the two kinds of dissolved colloids {cf. 
No. 2r0- Substances which act as gelatin do(;s in this case are known as 
protfriire colloids. 

Again, otluT colloids are capable of mutually precipitating one another 
out of solution.’ Thus ar.senic-sulphid(^-hydrosol and iron-oxide-hydrosol 
when mixed in the right proj)ortions are both precipitabsl as a common 
adsorption com])ound (cf. No. 24, 4). This precipitatijig power arises from 
the same cause as another characteristic property which pseiido-dissol ved 
substances have in common with su.spensions: if suspensions or colloids are 
subjected to the action of a strong electric potential, a passage of the siJS]H*ridetl 
material through the solution occurs, but this is of a very dilTerc'nt natiire 
from ionic migration. {Convective transference.) Wliile with electrolytes, the 
dissociated parts possess opposite electrical charges, here the opi)osite charges 
reside upon the pscudo-dissolved material and the solvent its(‘lf, re.sf)ectively. 
It is a nile that two such colloids in order to precij)itato each other must 
have charges of opposite sign when referre<l to that of the common solvent. 
(Example, zircon-gold-pur])le, No. 25.) 

Finally, adsorption compounds can be produced by precipitating two 
colloids out of a common solution by the addition of an electrolyte. (Exam- 
ple, purple of Cassius, No. 25.) 


' W. Biltz, Ber. 37, 1095 (lOai) 
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20. Colloidal Platinum, according to Brcdig. 

Connect two j)latinum wires of 1 rnm. diameter, wliose upper 
ends are insulated by glass tubes, with the terminals of the 110- 
volt lighting circuit, and insert an ammeter and a resistance. 
Clamp one electrode so that its lower end dips into 100 to 150 c.c. 
of distilled water in a glass dish; hold the other electrode in 
the hand, and while it is iinincrsed in the water, touch it to the 
first one and ]*enio\*e it to such a distance that a small arc can be 
maintained. The resistance should be regulated so that a current 
of 6 to 10 amperes will how.^ From the cathode the disintegrated 
platinum pass(\s in grayish brown clouds into the liquid. It is not 
usually j)ossil)lc to preserve the arc for more than a short time, but 
it can be repeatedly started again by bringing the electrodes 
together, and then separating them; the process may bo thus con- 
tinued until the platinum solution is so dark as to be nearly opaque^ 
or until it has bec<mic too hot. The platinum electrodes should 
never be held except by the insulated gla.ss ends. If the experiment 
does not succeed well at first, add a trace of dilute alkali to the 
water. Finally, filter off the coarser platinum powder, and employ 
the solution in the following experiments: 

1. To a few cubic centimeters add a drop of a dilute salt solu- 
tion. After a short time the colloidal metal separates out in the 
form of a powder (precipitation by an electrolyte). 

2 . Add some of the platinum solution to dilute hydrogen 
peroxide. A reaction takes place with evolution of oxygen, while 
a comparison sam{)leof the hydrogen peroxide itself remains clear. 
Concentrated 30 per cent hydrogen peroxide, when treated with 
the platinuiii solution, decomposes at first slowly, then more rap- 
idly, with rise of temperature, and finally wdth explosive violence. 
This is an instance of catalysis; i.e., the acceleration by means of 
a cluiuiically indifferent substance (the platinum) of a reaction 
(the decomposition of hydrogen peroxide) which would of itself 
take place slowly. 

3. To another portion of dilute hydrogen peroxide add a few 
drops of hydrogen sulphide water and then some platinum 

^ A toClihical aminoter with large capacity is used hero. Before begin- 
ning the experiment, see that the wiring will safely bear the current 
required. 
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solution. This time no decomposition occurs; the catalyzer has 
tem]X)rarily lost its accelerating action in consequence of the 
presence of a third, likewise indifferent substance which acts as 
a poison. The catalytic property of the platinum depends upon 
the condition of the surface of the finely divided material ; the 
action of tlie poison is due perliaps to an alteration in the con- 
dition of the surface. 


21. Colloidal Antimony Sulphide. 

Allow a cold 1 per cent solution of tartar emetic to drop from a 
dropping funnel into a solution of hydrogen sulphide water through 
which a fairly strong stream of hydrogen sulphide is kept passing. 
Antimony sulphide produced under these conditions does not form 
a precipitate, but remains in colloidal suspension as a deep-orangc- 
colored pseudo-solution, that appears perfectly clc^r by transmitted 
light. First reniovii the excess of hydrogen sulphide by a stream 
of hydrogen, then place the solution in a dialyzing tube of parch- 
ment papei’, and suspend the latter in a vessel of distilled water. 
If the tube is free from imperfections, almost none of the yellow 
material passes into the outer solution, while the salts present are 
gradually removed by diffusion. Replace the outside water with 
fresh every six hours at first, later every twelve hours, and con- 
tinue the dialysis about four days. 

Dilute a part of the antimony sulphide solution to ten times its 
original volume, and carry out the following experiments: 

1. Place roughly ecjiii valent normal solutions of potassium 
chloride, ])ariiim chloride, and aluminium chloride in three burettes 
and add each, drop by drop, to three sef)arate portions of 20 clc. 
each of the colloidal antimony sulphide until the complete precipi- 
tation of the latter is accomplished. It Jiiay be necessary to r(?peat 
the experiment before the right eiid-]>()iiit “is obtained, noticing 
carefully when the precipitant caus(i.s the supernatant solution to 
change fi’om yellow to colorless. It will be found that the largest 
amount of precii)ita]it is required in the case of potassium chloride, 
the smallest in the case of aluminium chloride. The precipitating 
power of equivalent amounts of salts for colloids of this class 
increases with the valence of the cation. 

2. Shake several portions of 10 c.c. each of the antimony sul- 
phide for 1 minute with 2.0, 1.0, 0.5, 0.2, and 0.1 g. respectively of 
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powdered barium sulphate. The pseudo-dissolved material is 
adsorbed by the solid. Determine what quantity of the barium 
sulphate is just sufficient for complete adsorption. 

Test also, for comparison, the precipitating power of wood- 
charcoal and animal-charcoal. 

22 . Adsorption of Iodine by CharcoaL Adsorption Curve. 

For a more accurate study of adsorj)tion phenomena, charcoal 
is particularly well suited, since under ordinary conditions it is 
an indillferent substance, and has a constant surface. Place in 
each of four 200 c.c. gla.ss-stoppered bottles 2 g. of washed, dried, 
and ignited animal charcoal and 50, 75, 00, and 95 c.c. of alcohol; 
then add 50, 25, 10, and 5 c.c. respectively of a normal alcoholic 
iodine solution, so that the volume in each bottle will be 100 c.c. 
and the contents will differ only in the amount of iodine. After 
24 hours, during which time the bottles should be frequently 
shaken, take 10 c.c. of the clear solution from each and determine 
the iodine content by titration with O.l-normal sodium thio- 
sulphate solution. The dilTerence between the original weight pres- 
ent and the amount of iodine thus determined gives the quantity 
adsorbed by the charcoal. Arrange the results in a table and plot 
them on coordinate paper with the adsorbed aiiKnints as ordinates 
and the correspoiidiiig amounts left in solution as a])scissas. It is 
found that from dilute solutions relatively more iodine is adsorbed 
than from concentrated ones. This relation is quite general for 
adsorption equilibria, and can frequently be represented by the 

e(iuation ^ = /r, in whi(4i Cj is the concentration of the adsorbed 
^*2 

iodine, c., that of the unadsorl)ed iodine, and n and k are constants. 
Since in these experiments the same volume and the same amount 
of charcoal is taken each time, the quantities of iodine determined 
may be used directly in place of and in the equation. Find 
by trial what value of n makes the quotient remain most nearly 
constant; n is greater than 1. 

S3. Lanthanum Blue. 

The blue color whicli an iodine solution gives with starch depends on the 
formation of an adsorption compound betwet^n the two substances. Thi.s 
can be proved l)y a quantitative investigation of the adsorption curve. 
The same conclusion can be reached from the fact that another siibstance, 
the hydrogel of basic lanthanum acetate, which has no property in common 
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with starch except the colloidal eonditioii, gives precisely the same color 
reaction. The formation of lanthanum blue is made use of as a test for lan- 
thanum. (Cf. No. 171.) 

To a dilute solution of lanthanum acetate, or of lanthanum 
nitrate acidified with acetic acid, add a solution of iodine in potas- 
sium iodide, and then intnxluce ammonia cautiously, so as to not 
quite cause the 3^ell()wisli-l)rown color of the iodine to disappear; 
warm very gently, and a dark-hluc ])reci]ntate graduall}^ forms. 
If a very dilute solution of lanthanum acetate is used, a blue 
colloidal solution is ])ro(luce(l instead. 

Piejiare also a little iodo-.^^tarch fioni a veiy dilute starch solu- 
tion and a few drops of iodine solution, and compare the colors. 

24. Molybdetuiiii Blue, MOjOg. 

Blue molybdenum oxide, Mo/),,, is solulde as a ri'verftible colloid in water 
and behaves in this resp(‘(*(, as W(‘Il as in its Ix'havior towards vegetable and 
animal fibers, like many of tli(‘ organic dyestulTs. 

Dissolve 15 g. of commercial ammonium mol^'bdate, 
5 (NHD,Mo(), . 7 .M0O3 . 7 1T,,(), in 250 c.c. of water and 35 to 40 c.c. 
of 2-normal sulphui'ic acid, heat the solution to boiling, and keep 
boiling gentl}" for 30 minutes to an hour, meanwhile introducing a 
stream of hydrogtm sulj[)hide. Reduction takes place, causing the 
appearance in a few moments of a dark-blue color. With a smaller 
amount of sulphuric acid a precipitation of molybdenum sulphide 
takes place; with more acid the yield becomes jxjorer. Filter from 
preci{)itated sulphur and su])ject the solution to dialysis for from 
4 to 6 days (cf. No. 21), until the outside water is free from sul- 
phuric acid, and is only faintly blue. Evaporate the contents of 
the (lial3^zing tube in a porcelain dish, at fiivst over a free flame and 
finally on tlie water bath, until, after frequent stirring, the resinous, 
deep-blue residue has become a dry powder. Yield, 5 to 7 g. 

The preparation is soluble without residue in water. Use the 
solution for the following experiments: 

1. l^oil a portion with a piece of und^^ed silk. The silk is col- 
ored blue. This dyeing experiment can also be carried out with 
the undial3"zed solution. 

2. Repeat Experiment I with the addition of a considerable 
amount of sodium sulphate. More of the coloring matter is taken 
up by the silk. This is due to the salting-out action of the elec- 
trol3^te. 
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3. Shake a little of the solution with some freshly-precipitated, 
washed aluminium hydroxide. A mixture of molybdenum blue 
and hydrated aluminium oxide is precipitated (a lake) and the 
solution becomes lighter colored. Hydrogels (jan thus be dyed 
"like fabrics. 

4. Mix a few cubic centimeters of dilute molybdenum blue solu- 
tion, drop by drop, with a colloidal solution of zircon oxide.^ After 
enough of the former has been added, a molybdenum-blue-zircon 
lake is precipitated. Regarding the mutual precipitation of col- 
loids, see p. 35. 

25. Colloidal Gold Solutions; Precipitating Coilolds and Protective 

Colloids. 

During recent years, gold solutions have been used with great success, 
particularly })y Zsigmondy, in making clear the nature of the various prop- 
erties of colloidal suspensions. Red colloidal solutions of gold can be pre- 
pared by electrical disintegration of the metal or by rc^duction of gold salts 
in various ways. The red color of gold-ruby glass is likewise due to colloidal 
gokl. The adsorption compound of colloidal gold and tin oxide hydrogel, 
called purple of Cassius, serves for the qualitative detection of gold. 
(Cf. No. 9.) ’ 

1. Colloidal Gold according to Zsigmondj/.^ Redistil 120 c.c. of 
ordinary distilled water, using a silver condenser,^ and a receiver of 
Jena glass. Heat the distillate to boiling in a 300 to 400 c.c. Jena 
flask, adding during the heating 2.5 c.c. of a solution of chlorauric 
acid (0.6 g. of crystallized nAuCl4.3 HjO in 100 c.c. of water) and 
3.0 to 3.5 c.c. of an O.l8-inolal solution of purest potassium car- 
bonate. Immediately after the solution boils, add, while vigor- 
ously rotating, 3 to 5 c.c. of a dilute, freshly-distilled solution of 
formaldehyde (0.3 c.c. of the commercial, distilled formalin in 
100 c.c.. of water). This sblution should be added from a pipette 
in several portions, best with the flame removed, waiting each 
time a few seconds, or at the most a minute, for the reaction to 
take plac^e. A light-red color appears, which changes to an intense 
bright red in a few seconds; the latter color persfsts unchanged. 

^ Pseudo-solutions of zircon oxide can be prepared by dialyzing a solu- 
tion (about 10 per cent) of zircon nitrate for about 5 days with frequent 
change of water. 

* R. Zsigmondy, Z. Anal. Chern. 40,697 (1901). The most beautiful gold 
solutions can be obtained by this classic but very difficult procedure. 

^ The use of a silver condenser is essential. 
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If violet or blue solutions appear at first, the proportions of 
formaldehyde and carbonate, and the method of heating should be 
altered. This method of preparation is exceedingly sensitive to 
slight changes ii\ the conditions of the procedure; it does not yield 
uniformly good results in all laboratories. 

This colloidal gold solution can be obtained with more certainty 
even with ordinary distilled water, if in accordance with a new 
method of Zsigmondy, the solution is inoculated before its reduc- 
tion with a little of another deep-red colloidal gold solution which 
has been reduced by means of phosphorus. This solution can be 
prepared exactly as diiected above, except that for the reducing 
agent a few drops of a five times diluted saturated solution of dry 
phosphorus in ether is used. This should be added before warm- 
ing, then, on heating, the solution becomes colored a deep red. 
Boiling should be continued until the odor of ether has disappeared. 
The path of a beam of light passing through the solution should be 
either not at all or scarcely visible when observed from the side, 
although on the other hand the so-called Tyndall phenomenon ” 
is very characteristic for the great majority of colloi^lal solutions. 

If a few drops of the solution prepared as just described are added 
as an inoculating fluid to the gold solution before its reduction with 
formaldehyde by the above process, good results are then quite 
certain to be obtained. 

2. Colloidal Gold according to Donau. Prepare carbon monox- 
ide by heating together oxalic and concentrated sulphuric acids 
and passing the evolved gases through sodium hydroxide to 
remove the carbon dioxide; conduct a slow current of the gas 
through 120 c.c. of a 0.08 per cent chlorauric acid solution. There 
is produced first a violet, then a vLolpt-red, and later a deep-red 
color; do not carry the reduction beyond this point, or a violet 
coloration will be produced. 

3. Colloidal Gold according to Brunck. Deduce a boiling solu- 
tion of chlorauric acid, of the same quantity and concentration 
as given in the last paragraph, by adding 1 to 3 c.c. of a 0.2 per 
cent solution of sodium hyposulphite.' 

Use a gold solution prepared by any one of these methods in the 
following experiments. 

* This refers to true sodium hyposulphite, Na 2 SP 4 , not sodium thiosulphate 
which is often called “ hypo.” 



42 


CHANGES OF CONDITION. 


I. Synthesis of Purple of Cassius. From a mixture of colloidal 
stannic oxide and colloidal gold, the gold-stannic oxide adsorption 
compound is precipitated on the addition of electrolytes. In order 
to prepare the colloidal stannic acid solution, allow 5 c.c. of tin 
tetrachloride (No. 50) to become hydrolyzed by the addition of 
150 to 200 c.c. of water, and pour this solution into 500 c.c. of 
water to which a few drops of ammonia have been added. Dialyze 
the clear mixture for five days (cf. No. 21), changing the outside 
water two or three times daily, uritil it shows no test for chlorides. 
If during this process a hydrogel separates in the dialyzing tube, 
it may be peptonized (see p. 34) in a beaker })y the addition of 
about three drops of ammonia, whereupon, after a time, the jelly 
will go over into a perfectly clear hydrosol. A mixture of this 
hydrosol with an equal volume of gold solution remains unchanged, 
but on addition of a salt (ammonium chloride) a beautiful deep- 
reddish-purple precipitate is formed which can be filtered off; the 
compound is characterized by its solubility in ammonia. 

II. Zircon-gold-purple. Treat 130 c.c. of a boiling colloidal gold 
solution with 2<S c.c. of a boiling colloidal zircon solution (see foot- 
note to No. 24). A precipitation of zircon-gold-purple takes place 
even without the addition of an electrolyte. In the cold the pre- 
cipitate forms slowly. If the deposition is incomplete, preliminary 
tests must be made with small portions to find the right propor- 
tions in which to mix the above solution. 

III. Gold Solution and Protective Colloids. Treat 10 c.c. of col- 
loidal gold solution with a few drops of dilute hydrochloric acid; a 
blue coloration is first produced, later sedimentation of the metal. 

Repeat the experiment after first adding one drop of a dilute 
gelatin solution (0.2 per cent) to the colloidal gold; no change 
whatever in the color or the stability of the gold solution is observed. 

26 . Hydrogels as Seniipermeable Membranes. 

The separation of colloids and electrolytes by dialysis depends on the 
colloidal. nature of the parchment wall, which is impervious to other colloids. 
(V.Ttain, colloids are impervious' even to truly dissolved substances but still 
pervious to water. By means of membranes of such semipermeablo material 
a solute can be separated from its solvent, and thus the osmotic pressure of 
the dissolved substance can be both demonstrated and measured. Cupric 
ferrocyanide has been found especially suitable as a semipermeablo colloid. 
(PfelTer, 1877.) 
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1. Cupric Ferrocyanide Membrane. Let a drop of a cold, satu- 
rated potassium ferrocyanide solution run from a fine, glass 
capillary into a 0.5-molal copper sulphate solution, and detach it 
by means of a slight motion, so that it sinks to the bottom of the 
vessel. The drop h s at the moment of its entrance into the solu- 
tion become surroi ided with a thin film of cupric ferrocyanide, 
which keeps growing at the cost of the dissolved components. 
Since, however, the concentration of the solute within the mem- 
brane is greater than that of the copper sulphate outside, the mem- 
brane expands in consequence of the pressure caused by the water 
entering through the walls. The membrane is at first trans- 
parent and traversed b}" brown veins. A uniform growth can lie 
brought aliout liy occasional, gentle stirring of the copper sulphate 
solution. As the cell keeps expanding a point is reached where, 
the specific gravity of its contents having grown less through 
entrance of water, the cell rises to the surface of the solution, and 
remains there until, after ten or fifteen minutes, the constant 
thickening of its walls so increases its weight as to make it once 
more sink, and this time permanently. 

2. Membranef^ of Colloidal Silicalea of the Heavy Metah, Dilute 
some commercial water-glass solution until a specific gravity of 1.1 
is obtained. Into about 100 c.c. of this solution in a narrow beaker, 
drop small particles of various salts, such as copper sulphate, 
aluminum sulphate, ferric chloride, nickel nitrate, cobalt nitrate, 
manganous sulphate, lead nitrate, and uranyl nitrate. Within a 
few minutes the particles begin to swell and to send out shoots 
whi(!h branch and grow toward the surface of the liquid until the 
whole beaker is filled with what appears like bright colored alga' 
growths. The salt, on being thrown into the solution, begins at 
once to dissolve, and at the surface of contact between this solu- 
tion and the silicate solution, an insoluble semi-permeable film of 
metal silicate is formed. The dissolved salt within exerts an 
osmotic pressure against this film, and forces it to expand, while 
the water which is thereby drawn in through the film dissolves 
more of the salt. The osmotic pressure is thus maintained and 
the film is continuously forced to expand until it bursts in places 
and forms outgrowths and side-arms. 
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SIMPLE COMPOUNDS. 

Under the designation simple compounds arc included all compounds con- 
taining but two elements, with the exception, however, of the persulphides, 
peroxides, polyhalides, etc., which are considered to have complex cations 
(Chap. IV)- "1 metal hydroxides and cyanides, in which the radicals Oil 
and CN behave as single elements, arc also classed as simple compounds. 
Methods of Phepau.ation. Simple compounds are prepared: 

(1) Syntlietically from the elements: 

Hr., -h II,. - 2 IlBr (No. 35a). 

Cf, also Cerium Hydride (No. 32) ; Fel,, (No. 39) ; KeCI., (No. 42) ; CrCl, (No. 44); 
S2CI2 (No. 45); PClj (No. 46); Hi!., (No. 4S); BiBr., (No. 49); SnCl^ (No. 50); 
SiCl^ (No. 51); (No. 54); HgS (No. 55) ; Mg..N,, (No. 61); Mg.d\. (No. 63). 

Frequently the synthetic preparation of compounds between two elements 
takes place in stages: 

P 4- 3 Cl - Vi\, 

PCla 4- 2 Cl = PCI,. (No. 16) 

Cf. also SO3 (No. 2S); SbCl, (No. 47); SnS., (No. 5(0 . 

(2) By the interaction of two substances, each containing one of the ele- 
ments which are to be combined: 

(a) By the action of an element upon a compound: 

Fe 4- 2 HCn == FeCl^ 4- Hj. (No. 43) 

Cf. also AICI3 (No. 43). 

(5) By tlie chemical reaction between two compounds ^double decomposi- 
tion or metatliesis), as, for example, in the precipitation of a sulphide from the 
solution of a metallic salt by mean.s of hydrogen sulphide: 

CuCI, 4 - H,.S = CukS I 2 IICl. 

Cf. MnS (No. 57); TiS.. (No. 5S); CrN (No. 62); and BrH (No. 35b). 

(3) By the breaking down of more complicated compounds: 

2 HNO3 = ILO 4- N,0, 4- O (No. 29) 

Cf. also Cr20,/(No. 30); Cu^O (No. 31); copper hydride (No. 33); cyanogen 
(No. .59); BaS (No. 87). 

Many simple compounds which w'ere formerly prepared by double decom- 
position, or by the breaking down of more complicated compounds, are now 
most advantageou.sly obtained directly from the elements, even industrially; 
both because the requisite conditions for their formation arc now better 
understood and because some elements are far more accessible than formerly. 
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Thus sulphuric acid anhydride is now prepared directly by the contact process 
(No. 28), nitric oxide from the elements in the atmosphere (combustion of air), 
and aluminium chloride from the metal. 

Reactivity and Degkeb of Dis.sociation. It is a general principle that 
the reactivity of a substance is determined by a previous breaking down 
(dissociation), to a greater or less extent, in the same sense as that in wliich 
the reaction in (juestion takes place. Phosphorus pentachloride, for example, 
has a chlorinating effect, and sulphur trioxide an oxidizing effect, only when 
under the prevailing conditions the one is partjj|. dissociated into free chlorine, 
the other into free oxygen, even in the absence of any substance to I)e chlo- 
rinated or oxidized. Conversely, a tendency shown by substances to enter 
into reaction may be considered as an indication of the preexistence of a 
corresponding dissociation. Tiic dissociation of binary substances, which in 
fact often takes place in stages, is essentially the reverse of their synthesis. 


PCI, PCI3 + i% 

PCI3 = P + 3 C\ 

2 SO, = 2 SO, + O, (No. 2S ) 


Dissociation and State of EomLinuiUM. If it is true that reactivity is 
dependent upon a certain ability to dissociate, it becomes important to study 
the conditions favoring the formation and tho.so favoring the decomposition 
of substances. To take a concrete example, — When does the reaction 

2 80, -h O, - 2 SO, 

take place, and when 

2 SO, - 2 SO, 4- O,? 

In this connection, another principle which is likcwi.se of very general 
importance has been established, — namely, that a rt'action never takes place 
completely in one direction; at most the chemical change may proceed chiejitj 
in a definite direction until when the reaction comes to a standstill (i.e., when 
equilibrium is reached) the products of dissociation and the undissociated 
compound exist together side by si<lc, forming the so-called cquiUbnum- 
wixture. The percentage composition of an equilibrium-mixture is charac- 
terized by the fact that the same values arc obtained irrespective of whether 
at the start a mixture of the pure components or the pure compound itself i.s 
present. Thus, for example, the same mixture of SO,, SO,, and O, is obtained 
whether equivalent amounts (e.g., formula weights) of SO, and O, arc allowed 
to react, or an equivalent quantity of SO3 is allowed to decompose under the 
same conditions of temperature and volume. 

2 SO., 2 SO, 4- O, 

should be read: sulphur trioxide ‘‘in equilibrium with sulphur dioxide and 
oxygen. 

Inasmuch as all reactions are, strictly speaking, reversible, it is theoretically 
impossible to prepare perfectly pure compounds; for a compound can only 
exist as a stable substance when it is in equilibrium with its products of disso- 
ciation. For practical purposes, however, it is true that (1) in the equilibrium 
mixture the percentage content of dissociation products, or in the other case 
the fraction of undissociated substance, is frequently so extremely small that it 
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becomes negligible, and that (2) the rate at which certain substances decom* 
pose after they have once been prepared “pure^^ is often so extremely slow 
that measurable quantities of the dissociation products are formed only after a 
very long time.* 

Mass- Action Law'. The state of eciuilibrium which combining or decom- 
posing substances reach is dependent (1) upon the nature of the reacting 
substances, (2) upon their masses, and (3) upon the temperature. The influ- 
ence exerted by the masses upon the state of eipiilibrium can be expressed 
mathematically by the so-calljjji Law' of Mass Action (Guldberg and Waage, 
I8G7). Acconling to this law', the product of the concentrations of the sub- 
stances which arc upon tlie right-hand side of the sign of equilibrium, divided 
by the product of the concentrations of the substances on the left-hand side, 
is a constant at a given temperature. TIio concentration is usually expressed 
as tlie number of gram-molecules of substance w'hich are contained in a unit 
of volume. If A is the formula of a substance, it is customary to express the 
concentration of A by inclosing it in brackets [.\]; then if (A) represents the 
actual amount of sul)stance present expressed in gram-molecules, and v 


the volume, we have 


[A] 


(A) 


/v. 


If A and B are two substances which by reacting together form two new 
sul)stanccs ( ' and D, with whicli they finally come to eiiuilibrium, 

A 4* H (' -f* L), 
then the mass-action law is expre.s.sed as follows: 

ii'i ii>] 

[A][B] 

If, however, two or more molecules (a, 6, etc., being the numbers) of any of 
the sub.stances enter into the reaction, then the concentration of these sub- 
stances must be taken a, b, etc., times in the mass-act ion-la w' e(|uation. Tlius 
if (I niolcculcs of A react with b molecules of B to form c molecules of C and d 
molecules of D, the equation becomes; 

[rriD]''^ 

[A]“ [B]'' 

.\ppijCATioN OF TiiK Mass-A(’tion Law'. The value of the mass-action 
law for the manufacturing chemist becomes apparent when with its aid the 
yields are predicted that can be obtained in the preparation of a substance at 
a given temperature but with varying proportions of the reacting materials. 
This is particularly well illustrated by measurements of Bodcnstcin and Pohl 
with regard to the contact-process for the manufacture of sulphuric acid. 
Sulphur dioxide and oxygen react within a reasonable interval of time to form 
sulphur trioxide only when in the presence of catalyzers; the presence of the 
catalyzer, however, has no effect upon the equilibrium which is finally reached. 
2 SO2 + O2 <=> 2 SO3. 

^ In old collections of organic preparations, the amount of impurities which 
have arisen from a self-decomposition of the material is often very considerable. 
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If, as before, v represents the volume of the gas-mixture, and the formula 
inclosed in parentheses the number of gram-molecules of substance present 
when equilibrium is reached, then for a given temperature the mass-action 
law gives the relation: 

(S03)^ 

V V 

and the “efficiency oi the reaction, i.e., the ratio of the trioxide formed to the 

unchanged dioxide, is: 

( S03) __ /'K (O,) 

(SO,) \ a; "• 

It is evident from this last expression, that it is favorable to the yield if as 
pure oxygen as possible (small v, little diluent of indifferent gas) and as much 
oxygen as possible (high coneentration of O,) is present. That this conclusion 
is correct is shown by the following table, in which the yield (i.e., the actual 
(piantity of 80^ obtained, compared with what would result if the entire 
amount of the SO, could be oxidized) is given in per cent by volume. In the 
first case a mixture composed of the theondically correct proportions of sul- 
phur dioxide and oxygen was tak<‘n, in the second the same mixture diluted 
with nitrogen, and in the third case .sulphur dioxide together with an cxces.s of 
oxygen. The measurements were made at 500°. 



l\.'r mil No. 

j Per rent SO... 

1 

Per cent I.),. 

Yield in per cent 
SO, oxidized. 

1 

0 . 

66.67 

33.33 

91.3 

2 

89.50 

7.00 

3.5 

81.2 

3 

0. 

7.00 

93.00 

98.1 


Further applications of the ma.s.s-action law are illustrated in the prej)ara- 
tion of nitrogen peroxide (No. 20), hydrobromic and hydriodic acids from the 
elements (No. 35), and phosphorus pentachloride and trichloride (No. 40); 
cf. also. Dissociation of Electrolytes, p. 50. 

Dki’kndknce of EQUiMinmi.M (\)n.stants ui't)N THE Tempekaturk. It is 
also apparent from the above expre.ssion that the yield in the contact process 
is dependent on the value of the constant, K; if K can be made greater, the 
proportion of SOy is increased. The value of K depends upon the temperature, 
anfl its variation can be predicted with the aid of thermochemical (iata and 
the principles of thermodynamics. 

Chemical reactions are, from a thermochemical standpoint, divided into 
tw^o classes: those in which heat is evolved, or set free (exothermic reactions), 
and those in which heat is absorbed, or used up (endothermic reactions). 
Endothermic compounds, or, in other words, those in the formation of which 
from their elements heat is absorbed, are far less common (cf. cyanogen, 
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Ipk 6^ and hydrogen peroxide, No. 67). Experience Ipu diotra that^the. 
conditions for the formation of endothermic compounds are more favorabio 
at high temperatures, while for exothermic compounds the averse is trae* 
Since in the formation of a substance the size of the constat, is, un(|er 
otherwise equal conditions, a measure of the yield, it seems plausible that In 
the case of exothermic reactions the value of K diminishes with rise .of tem- 
perature, whereas in endothermic reactions it increases. 

.According to van’t Hoff, there exists between the heat of reaction Q, the 
absolute temperatures, T, and T’j, at which the reaction takes place, and the 
corresponding equilibrium-constants and /Cj, together with the gas con- 
stant Ily the exact relation: 

from which it follows that when > T,, and the value of Q is positive (exo- 
thermic reactions), becomes smaller than and for negative values of Q 
(endothermic reactions) is greater than A'^. This is based upon the assump- 
tion that Q is independent of the temperature at which the reactun takes 
place. Whether thi.s is true or not must be ascertained in the case of each 
reaction studied. In the synthesis of sulphuric anhydride this has been found 
to be practically true; and it is therefore possible, when the analysis of the 
equilibrium mixture at a given temperature is known, to compute the com- 
position of the equilibrium mixture at any other temperature. The eipii- 
librium-constants, as above defined, for the sulphuric acid contact-process 
have been found to be as follows: 


t. 

A. 

t. 

K. 

528° 

645. 

X10= 

727 

2.82 XIO* 

579 

131. 

XIO’ 

1 789 

0.794X10* 

627 

31.6 

X10= 

i 832 

0.357X10* 

680 

8.93 XIO- 

i, 897 i 

0.123X10* 


In accordance with the po.sitive heat of reaction, Q 21,700 calorics, a 
rapid diminution in the value of K is observed. 

The practical application of the theory in the manufacture of sulphuric acid 
is shown by the following yields calculated for various mixtures at different 
temperatures: 


('orni)Ositiori of Reacting Mixtiiru.*;. 

Yield of SO3 at 

.so, 

o, 

400° 

r>oo° 

700° 

900° 

66.67 

33 33 

98.1 

91.3 

51.5 

16.0 

14.00 

86.00 

99.8 { 

97.9 

69.8 

24 4 

2.00 

98.00 

99.8 

98.2 

71.2 

25.6 


It is, therefore, more important that the process should be carried out at a 
relat ively low temperature than that an excess of oxygen should be employed. 
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- 0^ the other hand, the temperature cannot be made too low, as then thetnii 
at Which the ration takes place, even in "the presence of a catalyze, becomes 
^too small. r " 

' TCjh® so-called “blast-furnace equilibrium,” 2 CO + 0^ 2 CO,, is displaced 

with increase of temperature, and the reaction proceeds more in the direction 
from right to left, because here again the heat of reaction is positive; cf. No. 1 . 

OXIDES. 

27 . Liquid Suiphur Dioxide: Criticai Point. 

Sulphur dioxide is prepared technically by burning either sulphur or 
pyrite. On a small scale, it*^ is obtained by the reduction of concentrated 
sulphuric acid, or its anhydride which when hot has a strong oxidizing power: 

SO 3 -}- Cu = SO 2 "h C^uO. 

The reduction with copper takes place*also to a slight extent, according to the 
equation : 

SO 3 + 4 Cu = CuS -f 3 ( hiO. 

The copper oxide, as fast as it is formed, dissolves in the sulphuric acid, 
forming copper sulphate. It is essemtial for the decomposition that the 
sulphuric acid should be hot and that it should lx? concentrated, whereby its 
content of SO., is increased; the nature of the reducing agent is less important, 
for the copper may be replaced by other metals or even by carbon. 

Sulphur dioxide can be condensed to a liquid (boiling-point — 10®) by 
cooling the gas in a mixture of ice and common salt. 

Heat 50 g. of copper turiiiMgs in a round-bottomed flask with 
200 g. of concentrated, coininercial sulphuric acid until the 
boiling-point of the latter is nearly reached, l^ower the flame as 
soon as gas is given ofT freely. Pass the gas through a wash 
bottle containing concentrated sulphuric acid, and into a second 
empty wash bottle which is surrounded with a mixture of three 
parts of ice to one of salt, and in which the sulphur dioxide con- 
denses to a liquid. 

When the evolution of the sulphur dioxide slackens, pour the 
liauid from the evolution flask into an evaporating dish before 
it has a chance to solidify, and allow it to cool by standing over 
night. In the morning decant the liquor from the mass of 
crystals which have separated, dissolve the crystals in as little 
boiling water as possible, and filter off any insoluble black 
powder on a large plaited filter. Copper vitriol, CuS 04 * 5 HjO 
separates from the filtrate in well-defined crystals; collect them 
in a filter funnel and evaporate the mother liquor to obtain a 
second, and finally a third, crop of crystals. When the product 
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f[as been dried as much as possible by suction, place it in an 
evaporating dish, which is covered with filter paper, and allow it 
to dry for several days at the room temperature. 

The sulphur dioxide, as prepared above, always contains some 
sulphuric acid, fumes of which are carried over mechanically 
by the gas from the evolution flask, and are not entirely kept 
back by the first \vash-l Kettle; immediately after being pre- 
pared, therefore, the sulphur dioxide 
should be purified by distillation.' Close 
one tube of the wash bottle w’hich 
contains it, and connect the other tube 
by means of a short piece of rul)l)er 
with a glass tube which is bent at right 
angles, and whose vertical arm is drawn 
out to an internal diameter of about 
0.2 cm. (Fig. 12). Introduce this nar- 
row tube nearly to the bottom of a 
thick-walled sealing tube, 0.4 to 0.5 cm. 
wide, which is sealed at the bottom, 
and drawn out a little at a point al)out 
18 cm. above the lower end. This 
Fio. 12. tube is prepared, cleaned, and dried 

before V)eginning the distillation; care 
must be taken to round the lower end and to make the (*on- 
striction without lessening the thickness of the walls at any 
point. 

In order to distil the sulphur dioxide, transfer the wash bottle 
from the freezing mixture to a bath of water at room tempera- 
ture, and place the thi(;k-walled tube, whicdi now serves as the 
receiver, in the freezing mixture. The sulphur dioxide soon 
begins to distil. When the receiver is about half filled, stop the 
distillation and seal the tube at the constriction, taking great 
care that the strength of the walls is not lessened thereby. While 
the tube is being sealed it must be kept in the freezing mixture; 
the tube and bath together may be held by a second person at a 
proper distance from the blast lamp. The tube must be allowed 
to cool while resting in a perpendicular position so that the 
liquid sulphur dioxide does not come in contact with the hot 
parts of the glass. 
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Critical Point, 

This tube half filled with sulphur dioxide .is suited for a demonstration of 
the critical point. The critical temperature of sulphur dioxide is 155® C., 
and the corresponding pressure is 79 atmospheres. Tlie following experiment 
is taken from Nernst’s ‘^Theoretical Chemistry.’ ' 

Insert the upper end of the sealed tube containing the sul- 
phur dioxide in a cork stopper and clamp the whole at the 
height of 25 to 3C cm. above the working bench, so that the tube 
makes an angle of between 30° and 40° with the horizontal. 
Place a small flame of a Bunsen burner under that part of the 
tube in which the meniscus of the liquid is seen. The burner 
should be provided with a chimney, and the top of the flame 
should be some distance below the tube. In order to protect the 
observer from possible explosion, place a heavy glass plate in 
front of the apparatus. ()))serve that the liquid soon begins to 
boil and that its volume becomes smaller and smaller; move 
the burner a little from time to time as it becomes necessary. 
When the tenq)erature has nearly reached the critical point, the 
meniscus becomes perfectly flat, and api)ears as a very fine 
straiglit line; it disappears completely as soon as the critical 
p()int is reached. Then there is no line of demarcation between 
liquid and gas. If the flame is removed, a light mist begins to 
form almost immediately in the middle of the tube, then sud- 
denly the meniscus reappears. 

This experiment must l)e carried out with great caution, for 
the pressure within the tube amounts to nearly SO atmospheres. 
The apparatus should not be taken apart until the tube and its 
contents have become perfectly cold again. 


28 . Sulphur Trloxide by the Contact Process. 

The fact that sulphur dioxide will combine with oxygen when in the presence 
of finely divided platinum was known in the first half of the last century. Cl. 
Winkler showed as early as 1875 that, by means of such a contact-process, 
sulphuric acid could be made on an industrial scale from mixtures of sulphur 
dioxide and oxygen. It was not until nearly the close of the century, how- 
ever, that the doubts with regard to the feasibility of manufacturing sulphuric 
anhydride on a large scale from the gases evolved in the roasting of pyriie 
were overcome; then the Badische Aniline- und Sodafabrik made public the 
most favorable temperature for this process and directed the attention of a 
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wide circle of chemists to the problem of freeing the gases from catalyzer 
poisons (cf. No. 20), particularly arsenic compounds. 

S\ilphur trioxide exists in two allotropic modifications: as a mobile liquid 
(boiling-point 40®) which form.s crystals on being sufficiently cooled (freezing- 
point 15®), and as a white asbestos-like mass which on warming volatilizes 
without previously melting. The latter is the more stable modification; 
liquid s\ilphur trioxide on standing goes over .slowly of itself, or more rapidly 
in the presence of a trace of sulphuric acid which acts as catalyzer, into this 
asbcstos-1 i ke coiid i t i on . 

The asbestos-like form when dissolved in phosphorus oxychloride is bi- 
molecular, whereas the liquid sulphur trioxide pmves to be monomoleculur 
when studied in the same way. It seems^probable, therefore, that the solid 
form is a polymer of the licjuid. 

Make a slight bend in a 40 cm. long combustion tube at a 
point about 6 cm. from one end, and insert the bent end in one 
opening of a two-necked globular receiver (Fig. 16); to the other 
neck connect a glass tube leading to the ventilating flue of the 
hood under which the apparatus is constructed. •Make the 
joints tight by means of asbestos cord. Close the front end of 
the combustion tul)e with a cork through which one arm of 
a T-tube is inserted in order that sulphur dioxide and oxygen 
may be introduced at the same time. Fill a section of the com- 
bustion tube, 12 to 15 cm. long, with loosely-packed platinized 
asbestos which is prepared by moistening the required amount 
of asbestos with 5 c.c. of 10% chlorplatinic acid solution, drying 
and igniting the mass. After the experiment the platinized 
asbestos can be purified by washing and again igniting, and it is 
then ready for use again. -The whole apparatus must be per- 
fectly dry; even the asbestos cord with which the joints are 
made tight must be previously ignited. 

Place the combustion tube in an asbestos chamber (cf. Fig, 4), 
whose edges measure 15, 4.5, and 4.5 cm. respectively. There should 
be a wide slit in the bottom for the entrance of the fl^meparid 
an opening in the cover to carry away the combustion products. 
Place a wide burner at some distance below the combustion 
tube, and regulate the flame to maintain the temperature of 
the platinized asbestos at about 400°. This temperature may 
be read with a mercury thermometer which has been filled under 
pressure, or it may be estimated quite closely with a 360° 
therihometer if the latter, upon being placed inside the asbestos 
chamber, shows but a slow rise of its thread above the 350° mark. 
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Pass oxygen from a steel eylinder or a gasometer through a 
wash bottle containing concentrated sulphuric, acid, which serves 
to dry the gas and at the same time to show the speed with 
which it is being drawn. Admit the oxygen through one arm of 
the T-tube into the combustion tu])C, and through the other 
branch of the T-tube introduce sulphur dioxide wliich is generated 
l)y the action of 400 g. concentrated sulphuric acid upon 100 g. 
copper. This gas must likewise be passed through sulphuric acid, 
and in addition through a tube loosely filled with glass wool in order 
to free it from the spray mechanically carried along from the 
generating flask.’ Regulate the flow of the two gases so that 
a little more oxygen than sulphur dioxide passes into' the con- 
titet tube.. Keep the. receiver immersed in ice water; sulphur 
trioxide collects abundantly either in the liquid modification or 
in the asbestos-like form. The experiment takes about three hours. 

For the •following experiments use the liquid form. In case 
the asbestos-like form has been obtained, loosen it with a glass 
stirring rod and place a layer of it about 1 cm. deep in each 
of three test-tubes; add (tinder the hood) a drop of concentrated 
sulphuric acid to each tube, heat just to* the melting-point, 
and then allow to cool. To one test-tube add flowers of sul- 
phur from the point of a knife blade; to the second, powdered 
selenium; and to the third, iodine. In the first test-tube an 
indigo-blue solution is formed, in the second a bluish green, and 
in the third likewise a bluish green, or, if considerable iodine has 
been added, a brown solution. The compounds, SjOg and SSeOg, 
are produced in the first and second tubes respectively. 

Oxidation of Naphthalin with Sulphuric Acid, 

The dissociation of sulphur trioxide, SO 3 = SO 2 4- O, in opposition to the 
rcadlfcn of its synthesis by the contact process, is frequently utilized for. 
technical and analytical purposes; by an increase of temperature, and by the 
presence of catalyzers, such as mercury or copper salts, the oxidizing action 
is considerably accelerated. Instead of sulphur trioxide, fuming sulphuric 
acid or even ordinary concentrated sulphuric acid may be employed, although 
the effect is not then so readily obtained. 

The most important technical utilization of this oxidizing power of fuming 
sulphuric acid is in the transformation of naphthalin into phthalic acid, the 
latter being used in the preparation of artificial indigo; 

CioH^ +90= + H,0 + 2 CO^ 

Naphthalin Phthalic Acid 
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Place 5 g. naphthalin, 1 g. mercury, and 80 g. concentrated 
sulphuric acid in which the remainder of the above sulphur 
trioxide has been dissolved (or 80 g. of commercial, fuming sul- 
phuric acid) in a 300 c.c. retort, and heat the mixture slowly, 
almost to boiling, on a Babo funnel. Insert the neck of the retort 
into a small flask, which serves as a' receiver, and cool the latter 
with water. A white sublimate of phthalic anhydride soon appears 
in the upper part and neck of the retort, and the odor of sulphur 
dioxide becomes apparent. From time to time drive the sub- 
limate over into the receiver by fanning the top and neck qf the 
retort with the flame of a Bunsen burner. 
When, at the end of two or three hours, 
nothing further passes over, decant off the 
sulphuric acid which has distilled into the 
receiver and recrystallize the phthalic 
anhydride, from 75 to 100 c.c. of water. The filtrate from the 
firet crop yields more crystals on evaporation. 

Dry the phthalic acid thus obtained, and distil it in a test- 
tube held nearly Iiorizontally, the closed end of which is bent 
downward at a slight angle, as shown in Fig. 13. Water is split 
off from the molecule during the sublimation, and beautiful 
needles of phthalic anhydride (melting-point 128^0.) are formed. 
By another crystallization from water, 2 to 3 g. of pure, per- 
fectly white phthalic acid are ol)tained. 

For the characterization and identification of the phthalic 
acid, mix a little of it with ecjual amounts of resorcinol and 
anhydrous zinc chloride. Heat this mixture slowly in a small, 
dry test-tube over a small flame until it sinters and then melts. 
After heating a minute longer, cool the brownish-red fusion and 
ilissolve it in a little alcohol. Pour the solution thus obtained 
into a large beaker containing distilled water, and add a few ^ops 
of caustic soda solution. A deep-yellow solution is obtained 
which, by reflected light, shows a beautiful green fluoi^escence 
(synthesis of fluorescein). 

29. Nitrogen Dioxide. 

Place 200 g. of coarse lumps of arsenic trioxide in a flask, add 
250 g. of concentrated nitric acid (sp. gr. 1.4), and heat the mix- 
ture moderately upon a sand bath (or Babo boiling funnel). 



Fig. 13. 
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Lead the gases evolved successively through an empty wash- 
bottle, a U-tube containing glass wool, a second empty wash- 
bottle, and finally into a third wash-bottle (surrounded with ice)^ 
in which the oxides of nitrogen are condensed. A mixture of 
nitrogen dioxide, nitrogen trioxide,* and nitric oxide is obtained. 
After the evolution of gas from the flask has ceased, pass a cur- 
rent of oxygen through the condensed liquid in the wash bottle, 
still keeping it surrounded with ice, until the color becomes a 
pure yellowish brown; only a small amount of the nitrous gases 
are lost during this operation. If it is desired to preserve the 
preparation, heat the flask containing the liquid nitrogen dioxide 
cautiously by means of lukewarm water and distil the liquid 
into a scaling tube, in exactly the same manner as with sulphur 
dioxide (p. 50). Boiling-point 22'^C. 

Cork stopi)ci's and rubber tubing are energetically attacked 
by the oxides of nitrogen. Therefore, in fitting up the above 
apparatus, select corks which fit tightly and protect them with 
a coating of vaseline; where the use of rubber connections is 
unavoidable, bring the ends of the glass ful)ing close together. 

Giiscoiia nitrof^oii dioxide is of a mldish-hrown color at ordinary tem- 
p(?ratures; on heatin^ th(» color at first becomes darker red on account of a 
progressive dissociation, NX), < 11 ^ 2 NO^,; b\it on lieating a]>ove 130° the color 
again becomes lighter in conse([uencc of a dissociation of the nitrogen dioxide 
into oxygen and nitric oxide: 2 NO 2 ^ 2 NO }- Oj. 

Arsenic acid may be oldained from the residue in the evolution 
flask. Complete the oxidation by further heating with con- 
(^entrated nitric acid, and evaporate the solution to a fairly thick 
sirup. If exactly the right concentration of the sirupy solution 
is obtained, it will form a nearly solid mass of crystals of arsenic 
acid on standing in the ice chest. 

30, Chromic Oxide in the Dry Way from a Chromate. 

The prep.'iration of chromic oxide by the n*duction of an aqueous solution 
of a chromate to one of a ehroiuic salt, with sul)sequent precipitation and 
ignition of chromic hydroxide, is not a convenient process })eoauso of the 
difficulty an<l tediousness of filtering and washing the very voluminous ])re- 
cij)itatc. The method originated by Wohler, 1827, which is that given in the 

' Nitrogen trioxide NXT, can exist only in the liquid condition. It is 
unstable, and when vaporized dissociates into NO and NO, (or N^OJ. 
v.Wittorff, Z. Aiiorg. Chein. 41, 85 (1904). 
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following directions, is, therefore, preferable. The chromate is heated in a 
crucible with ammonium chloride, whereby the ammonium radical is oxidized 
to water and nitrogen wlnle the chlorine combines with the alkali metal of th^ 
, chromate. 

Mix 147 g. potassium pyrochromate (one-half mol.) intirfiately 
with an equal weight of ammonium chloride, and heat the mixture 
in a clay crucible, in a charcoal furnace, until no more vapors 
are given off. After cooling, boil the brittle contents of the 
crucible repeatedly with fresh portions of water until all the 
soluble salt has been removed. Compute the yield of the dried 
preparation in percentage of the theoretical. Dependent prep- 
aration, Chromium No. 3. 

31. Cuprous Oxide from Fehling’s Solution. 

Dissolve 50 g. crystallized cupric sulphate, 75 g. potassium- 
so<lium tartrate, and 75 g. sodium hydroxide in a porcelain evap- 
orating dish by warming slightly with 000 c.c. of water. To the 
blue, solution thus obtained add 100 g. cane-sugar and heat to 
boiling, whereby the blue color gradually disappears and a heavy, 
dark-red precipitate of cuprous oxide is formed. Free the pre- 
cipitate as completely as possible from alkali by pouring off the 
solution and washing repeatedly by decantation with water. 
Then l)ring the precipitate itself upon a hardened filter and wash 
it with considerable water, and at last with a little alcohol. Dry 
the cuprous oxide in the hot closet. Yield, 14 g. 

HYDRIDES. 

A fow metals combine directly with hydrogen at definite temperatures to 
form hydrides (e.g., cerium hydride No. 32). 

Copper hydride is formed in aqueous solution by treating cupric salts J^ith 
very strong HHlucing agents (No. 33). 

Certain products which arc formed by the occlusion of hydrogen on the 
part of some of the heavy metals, and are to be regarded as solid solutions,, 
should not be confused with the true hydrides; e.g., palladium-hydrogen. 


33. Cerium Hydride. 

If cerium dioxide is reduced by means of metallic magnesium in an atmos- 
phere of hydrogen, the metallic cerium, as fast as it is set free, combines with 
the gas to fonn cerium hydride. 
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Ignite a few grams of ceric amrtionium nitrate (No. 171), or 
cerous ammonium nitrate, at first gently, and finally with the blast 
lamp,, and mix the pure, yellow cerium dioxide thus obtained 
with powdered magnesium in the proportion of 172 parts CeOj 
to 64 parts Mg. Place the mixture in a boat and introduce it 
into a short combustion tube, one end of which is connected 
through a sulphuric acid wash-bottle with a hydrogen ggnerator, 
while the other end can be closed when required. After the 
air in tlie apparatus has l)een completely replaced by hydrogen, 
heat the tube in a short coml:>ustion furnace, at first gently, until 
all moisture is removed; then close the exit end of the combus- 
tion tube and open the cock of the generator wide so that the 
reaction mixture stands under a slight pressure of hydrogen. 
On now heating the tube with the full fianie, the mixture, glows, 
the walls of the tube above it becoxiie blackened, and gas bubbles 
pass through the wash bottle, at first rapidly and then less and 
less frequently, corresponding to the rate of consumption of the 
hydrogen. Heat the mixture five or ten minutes longer, and 
then allow it to cool under hydrogen pressure. The reddish-brown, 
fairly compact reaction-product consists of a mixture of cerium 
hydride and magnesium oxide. Ih’cak pieces of it from the boat 
and set fire to them with a match; the material burns with a 
hydrogen flame to a nearly white ash. While the hydrogen is 
burning, occasional flashes occur from the ignition of particles of 
unoxidized magnesium. It is possible to keep cerium hydride 
for a long time in sealed vessels. 

By heating calcium turnings to a dull red heat in an atmos- 
phere of hydrogen, calcium hydride. Call,, may be prepaied in 
an analogous manner. 


33. Copper Hydride. 

From 100 c.c. of a 5% solution of barium hypophosphite 
(No. 96), precipitate all of the barium by the addition of about 
18 c.c. of 2-normal sulphuric acid, and treat the clear filtrate 
at the room temperature wdth four grams of copper sulphate 
dissolved in 15 c.c. of w^atcr. After some time, or more quickly 
if heated to 80®, the solution becomes green, and dark-browm 
copper hydride is precipitated w^hich to some extent adheres to 
the sidps of the glass vessel as an iridescent film. Filter off the 
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precipitate, wash it with water, and dry the product in a vacuum- 
desiccator. 

Heat a portion of the copper hydride in a small test-tube. It 
decomposes suddenly* into red copper and hydrogen; the latter 
may be ignited at the mouth of the tube. 

Cover a second portion with concentrated hydrochloric acid; 
hydrogen is evolved, whicli, in consequence of the admixed spray 
of copper compounds, burns with a deep-blue flame. From the 
solution in the test-tube, the addition of a little water precipitates 
white cuprous chloride. 

ACIDS, BASES, AND SALTS. 

The majoiity of the simple compounds are electrolytes, that is, they are 
acids, bases, or salts. The j)repa ration of simple electrolytes can take place 
accordinj^ to the methods outlined on p. 41 as fijenerally appli"*ablc for 
simple compounds; as peculiar to electrolytes, the formation of a compound 
by the association of its ions, presents a special case; of synthesis from the 
elements. In the preparation of pure electrolytes in solution by bringing 
together the necessary ions, it is ess(‘nUal that fon*ign ions should be removed. 
Thus soluble hydroxides may be prepared by precipitating solutions of the 
corresponding sulphates with an ecpii valent ayiount of barium hydroxide, 
the barium and sulphate ions being removed as insohd)le btirium sulphate, 
and only the desir(‘d hydroxide and its ions remaining in solution (cf. Nos. 36 
and 121). In a similar way acids may l)c obtaiiu'd l)y the iiit(‘raction of 
barium salts and sulphuric acid (No. 3.3). Potassium ioilide, likewise, may 
be prepared conveniently ])y the double decomposition of ferrous iodide with 
potassium carbonate, wh(‘reby iron and carbonate ions are precipitated in 
the fonii of an insoluble compound (No. 3U). 

Electrolytic Dis.sociation is distinguished from simple dissociation by 
the fact that the products of dissociation arc electrically charged. Further- 
more, the extent of (doctrolytie dissociation depends in the highest degree upon 
the nature of the solvent medium. 

2 HI = Ha -f I 2 (non-electrolytic dissociation). 

HI ^ H'^+ 1“ (electrolytic dissociation). 

This double possibility of dissociation enables substances to react in difTcrent 
ways. According to the first of the a])Ove equations, hydrogen iodide is a 
reducing agent; according to the second, it is an acid. 

Electrolytic dissociation can 1)C detected and measured by physical methods, 
either by estimating the size of the molecule of the dissolved substance by 
one of the osmotic methods, or by detennining the conductivity of the solution 
(Arrhenius); cf. No. 34. As Nenist has suggested, the process of electrolytic 
dissociation may be fonnulated if electricity is regarded as something material, 
and its elementary quantities (the electrons) are, in much the same way as 
the atoms, represented by the special symbols © and ©, whereby the question 
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as to whether or not positive electricity is merely the absence of negative 
electricity is left entirc^ly undecided. The process of electrolytic dissociation 
can then be considered as a double decomposition; the elementary atoms con- 
tained in the compound unite w^li the iwMitral electricity which is i)reserit 
everywhere (neutron) in such a manner that a compound of one of the atoms 
with a positive electron (cation) mid another compound of the other atom 
with a negative electron (anion) result: 

AB +©0;=±A©-fB0 

biru. . y coinpourul neutron cation uni<jn 


Law of Dilution. The ap[)lIcatiori <jf the law of mass-action to the 
dissociation of a binary electmlyte gives the following expression: 

[cation] [anioti] ^ 

[undissociated compound] 

Thus, in a given case, if the fraction of a gram molt'cule of a binary electrolyte 
which has undergone dissociation is denoted by a (the degree of dissociation), 
then 1 — is llie undissociat(‘d fraction of tlie gram inolt'cule which is in 
equilibrium with the ions, and at the dilution v the concentration of the 

undissoeiated compound is ^ ^ and that of each ion is Then the mass- 

action law shows th(‘ following relation: 


or = (Ostwald's Law of Dilution.) 

(I - a) V 



Tlie maximum possible valui' for a, the degna' of dissociation, is 1, and this 
repi’csents coinplcti' dissociation; it is evidcMil that tliis is approached in pro- 
portion as y is made large. Experiment 37 illustrates a case of dissociation 
with progressive dilution. 

Ionization Tendency, or ELErTiiOyVFFixiTY. A measure of the force 
with which llic electron is Ijehl to the material atom of an ion is given by the 
potential wliich is necessary to etTeet the discharge of the ion in an electrolysis 
(decomposition potential). Tin’s force is variously known as ionization 
tendency or elvetronjl'inity . In the following tabic*, the t(‘nsion in volts is given 
which is necessary for the discharge* of a fc‘W of the metal ions from their 
normal solutions, on tlie basis of the discharge-potential of hydrogen being 
taken arbitrarily as zero.' 


Mg b 1.182 
Al +1.270 
Mn + l.()7o 
Zn +0.770 


Cd + 0.420 
Fc + 0.344 
Co + 0.232 
Ni + 0.228 


Pb -L 0.151 
Cu - 0.329 
Ag - 0.753 


' The choice of an arbitrary zero-point is necessary, since it is only differ- 
ences in potential which can actually be measured. 
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In this potential series the distinction which has always been recognized 
between noble and base metals is again expressed. Elements with a high 
ionizing tendency possess to a marked degree the ability to form simple ions. 
Simple ions of the noble metals are less stifle, so that the number and impor- 
tance of the simple salts of these metals^is much less than that of.their com- 
plex salts. (Cf. Chapters IV and V.) ♦ 

Hydrolytic Dissociation, oh Hydrolysis. The fonnation of a salt by 
the neutralization of an acid and a base is a reversible process. If M denotes 
a metal and R an acid radical, then the reaction of equilibrium is: 

Neutralization 

MOH 4- HR <i± MR + H,0 
Hydrolysis 

If the equation is road from right to left it represents an hydrolysis, i.e., the 
breaking up of a salt into an acid and a base. Neutralization and hydrolysis 
represent, therefore, reciprocal processes. It is important in the preparation 
of salts to know which of these reactions preponderates. The mass-action 
law applied to this reversible reaction gives: 

[HRl fMOHl ,, 
tMH] [HOH] = 

Salts, acids, bas^s, and water arc dissociated electrolytically according to the 
following equations: 

1. MR = + RT 

2. HR = + R“ 

3. MOII = + OH~ 

4. HOH = 11'^ + OH~ 

The corresponding dissociation constants /v„ K 2 , /v^, may be given as 

follows 

[M-^] [R~] . ^ [H-^l [R j . t^] [Oin . j. „ [LO [OIQ 

[MRJ ’ ' ■■[HR] ’ ■' [MOH] ’ * [HOH] 


If in the above equation of hydrolysis the values for the concentration of 
undissociated MR, HR, MOH, and HOH obtained respectively from the last 
four expressions are inserted, the equation 


K = 


A2 * A3 


is obtained. This equation expresses all the essential phenomena in neu- 
tralization and hydrolysis. It shows that hydrolysis will be greater if the 
value of K 4 becomes larger; or in other words if the temperature is raised, since 


* The law of mass-action, as is w'ell known, does not apply rigidly to the 
di 6 .soclation of strong electrolytes. It may serve, however, as a qualitative 
guide in estimating the dissociation of salts and of strong acids and bases. 
(Translators.) 
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the dissociation of water, although extremely small^ increases quite rapidly 
with rise of temperature. The hydrolysis is also greater as A, and are 
smaller, or in other words as the acid and base in question are weaker. Inas* 
much as the weakness of the base usually increases with the valence of the 
metal, it follows that salts of the tri valent metals (Fe, Al, Sb, Bi) are hydrolyzed 
to a greater extent than the salts of metals having a lower valence (Mn, Ba, 
etc.) (cf. Nos. 40, 41). The halides of the tetra valent metals (Sn, Si, 
Ti) are hydrolyzed to an especially marked extent (cf. Nos. 50 to 52), 
and it is, therefor^, possible to prei)are such salts pure only when water is 
completely excluded. If sulphur chloride is n‘garded as the sulphur salt of 
hydrochloric acid (ci. No. 45), this compound then forms the extreme of the 
hydrolyzable chlorides, inasmuch as the metallic character of the element 
combined with chlorine has entirely di.sappeared. 

Salts of weak acids and wc'ak bases, such as, for example, the sulphides of 
aluminium (Nos. 4 and 5) and titanium, can only be prepared when out of 
contact with water. After they have been prepared syntlu'tically in a erj^s- 
tallized fonn, they can be kept for some time without ehange on account of the 
fact that the velocity at which compact substances enter into reaction is often 
very slight. (Cf. TiSa, No, 58.) 

If the phosphid(‘s, nif rides, and certain carbides are regarded as the metal 
salts of phosphine, ammonia, and the hydrocarbons, that is to say, as the salts 
of hydrogen compounds the acid nature of which is almost infinitesimal (the 
acidic constants, /vo, of which are therefore extremely small), it then becomes 
easy to understand why these substances can be prepared only in the absence 
of water (best by direct union of the elements themselves). The r(‘adiness 
with which the preparation of [diosphine from calcium or magnesium phos- 
phide (No. (j.S), of acetylene from calcium carbide (No. 04), and of ammonia 
from magnesium or bon)n nitride (Nos. 00, 01). is carried out, depends on the 
ease with which the salts of such extremely weak acids hydrolyze. 


(a) Acids mid Bases. 

34. Physlco-chcniical Detection of Electrolytic Dis.sociation. 

To demonstrate the dissociation of a sulxstanco in aqueous solu- 
tion, determine the mokaailar weight of nitric acid by the freezing- 
point method, first with nitrobenzene and then with water as the 
solvent. Dehydrate some concentrated nitric acid by distilling 
It with an equal volume of concentrated sulphuric acid, and 
free the distillate from oxides of nitrogen by passing dry air 
through it. 

Determine the molecular weight by measuring the lowering of 
the freezing-point of nitrobenzene, using al)()ut 25 g. of the sol- 
vent, and 0.2, 0.4; 1.0, and 1.5 g. of nitric acid, then repeat, using 
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about 22 g. of water instead of nitrobenzene. The details for 
carrying out the determinations may be found in H. Biltz; Prab- 
tical Methods for Determining Molecular Weights, Translated by 
H. C. Jones, 1899. In nitrobenzene the molecular weight corre- 
sponds approximately to the formula HNO^,, whereas in water the 
molecular weight is about half as large. 

In order to show that this dissociation causes the aqueous solu- 
tion to become a conductor of electricity, insert two platinum 
electrodes in a beaker of water, and connect them through 
an electric incandescent lamp with the terminals of a lighting 
circuit. The lamp does not glow because water is a very poor 
conductor of electricity, and the circuit is therefore practically 
open. As soon, however, as a few drops of nitric acid are added 
to the water, the lamp begins to glow, and at the same t .me an 
evolution of gas takes place at the electrodes. 

Test the conductivity of nitrobenzene after the same manner, 
first alone, and then with the addition of a little anhydrous nitric 
acid; the lamp docs not glow in either case. 

35. Hydrobromic Acid. 

(a) From the Elements. Connect in series, a Kipp hydrogen 
generator, a wash bottle containing sulphuric acid, a wash bottle 
containing 80 g. of lirornine, and a glass tube about 25 cm. long 
and 1 cm. wide which is filled for a space of 8 to 12 cm. with 
loosely-packed, platinized asbestos. (Cf. No. 28.) Place a 
Bunsen lamp with a flame spreader under the tube. Connect the 
farther end of the contact tube with a U-tube containing glass 
beads and moist red phosphorus, then with a wash bottle made 
from a test tube which contains 1 c.c. of water, and finally with 
two wash bottles each containing 35 c.c. of water. Keep the 
latter cooled dui-ing the experiment, fimt with ice-water and later 
with a mixture of salt and ice. 

At the beginning of the experiment disconnect the train at a, 
point lietween the contact tube and the phosphorus tube. Fill 
the apparatus up to this point with hydrogen, then heat the con- 
tact layer to faint redness, and when the gas escaping from this 
tube becomes colorless, rc(;onnect the rest of the apparatus. 
Regulate the amount of bromine vapor by pouring warm (not 
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hot) water from time to time into the beaker which surrounds 
the bromine bottle. The gases after passing the contact layer 
must contain no uncombined bromine, and must therefore be 
colorless. 

From the first receiver fuming hydrobromic acid is obtained, 
and the yield can be determined by weighing the flask before and 
after the experiment. 

(b) By the Intermediate Formation of Phosphorus Bromide. 
Provide a 500 c.c. flask with a stopper and dropping funnel and 
connect it by means of delivery tu])ing with two U-tiibes placed 
in series. From the last U-tube carry a bent delivery tube 
through a tight-fitting cork well towards the bottom of a flask 
which is to serve as a receiving vessel. Provide this flask with an 
exit tube stalling from just inside the cork and bending down- 
ward externally so as <o nearly reach the surfa(*c of some water 
placed in another flask. Do not, during the process which follows, 
allow the tube entering either of the last-mentioned flasks to dip 
beneath the surface of thefsolution contained in them. 

Place in the evolution flask, first a layer of 25 g. sand, then upon 
this a mixture of 100 g. sand and 25 g. nal phosphorus, and moisten 
the whole with 45 c.c. water. Fill the first U-tube with glass 
beads, the second with glass lieads mixed with moist red phos- 
phorus, and in the receiving flask place tSQ c.c. of water. The 
delivery tube which enters the receiver must reach only to a 
point just above the surface of the liquid, since if it dipped into 
the solution, the latter might be sucked bac^k into the evolution 
flask. 

Wraj) the evolution flask in a towel, because it sometimes breaks 
at the ])eginning of the experiment; cool the first U-tube with a 
mixture of salt and ice, and the receiver with ice. Introduce 
from the funnel 200 g. bromine drop by drop into the mixture of 
sand and phos}>horus. At fhe beginning of the 7’eaclion cool the 
evolution flask by placing it in a dish containing cold water. 
Yield, about 250 g. of concentrated hydrobromic acid, which is 
collected in the first receiving flask. Determine its density by 
means of a Wcstphal balance. Dependent preparations: Cupric 
Bromide (No. 37), Ammonium Tribromide (No. 60), Tlexammine- 
nickelous Bromide (No. 128), Prascocobalt Bromide (No. 135). 
Hydriodic acid may be prepared by a similar method. 
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Mix 13.3 g. of thalloU^tr&1;fe* (1/20 motj asd $ g^coocentratei 
sulphuric acid in a platinum crudBlp^ and drive off volatile, 
add slowly; by heating the' upp'er ndge- of the crucible with a 
Bunsen burner which is hekf in^the hand and moved about so as 
to avoid spattering. , The decomposition is complete when the 
contents of the crucible no longer give off acid vapoi*s. Dissolve 
the thallous sul^iate thus prepared in 50 c.c. of water, and pre- 
cipitate barium sulphate from the boiling solution by adding a 
hot solution of 8 g. crystallized barium hydroxide, the amount 
of the latter reagent being slightly in excess of that theoreti- 
cally required. After filtering, precipitate the excess of barium 
hydroxide by the careful addition of very dilute sulphuric acid. 
A drop of the solution should not at the last give a j)recipitate 
either with barium hydroxide or with sulphuric acid. lOvaporate 
the solution to a volume of about 25 c.c., filter again and then 
evaporate to about 5 c.c., after which, place the evaporating dish 
in a desiccator over dry lime. Suck the crystals of thallous 
h 3 ^droxide free from liquid in a small filter funnel and obtain a 
second crop by further evaporation of the mother liquor. Neu- 
tralize the last mother liquor with nitric acid, and use the 
resulting solution of thallous nitrate for the reaction described 
below. 

Thallous hydroxide forms light-yellow crystals which are 
readily soluble in water; the aqueous solution of these crystals is 
strongly alkaline, its electrical conductivity being nearly the same 
as that of a sodium hydroxide solution of the same concentration. 
Filter paper moistened with thallous hvdroxide serves as a 
reagent for detecting the presence of ozone; brown thallic oxide is 
formed. 

Reactions of Thallous Salts. Solutions of thallous salts when 
treated with iodide solutions give a yellow, very difficultly soluble 
precipitate of thallous iodide (analogous to Agl); with chloro- 

‘ In order to obtain thallous nitrate from metallic thallium, the latter ia 
cut into small pieces and dissolved in the calculated amount of dilute nitric 
acid. The hot, slightly acid solution is freed from lead by mean.s of hydrogen 
sulpljide, and the filtrate is evaporated until the nitrate crystallizes out. 
The crystals are sucked dry, and the mother liquor together with the wash- 
water is evaporated for more crystals. Yield, theoretical. 
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-plfitiflic \acid, they vgjive Bi^y^ow^ (Jifiifeultl!^*f^|iible tWlium 
v'chloroplatinate, t 4 (analoggu^ to Kj with ammo- 

nium sulphide, or hydrogen sulphide togefher with sodiuni acetate, 
they give a deep-brSwn prefjipitate of thallous sulphide (analogous 
to AggS). ’ ' \ ‘ 

Hydrated Thjillic Oxide (analogous to ^hydrated ferric oxide)* 
Oxidize a part of the thallous nitrate solution by the addition of 
an excess of bromine, and precipitate the resulting brown solution 
by adding concentrated aniinonia. The very fine precipitate 
•settles slowly. Wash it by decantation with water containing 
ammonia until the dec^anted liquid is free from bromine, and 
.then drain it upon a filter. Dry the product in a desiccator over 
sulphuric acid, for at higher temperature it loses water and becomes 
thallic oxide. 


(b) Halogen Compounds. 

37, Cupric and Cuprous Bromides. 

Dissolve 16 g. of cupric^xide in a solution of h>ulrobromic acid 
containing 33 g. of pure HHr. Filter the resulting solution and 
evaporate it to a small volume, whereby the color becomes very 
dark. Place the eva{)orating dish with its contents in a desic- 
cator over sulpluiric acid, preferably in a vacuum; an almost 
solid mass of crystals forms in a few days. Break up this mass 
thoroughly once each day to ac(’elcrate the drying process. 
Cupric bromide is of a deep-black color and glistens somewhat 
like iodine. 

Heat a portion of the cupric bromide cautiously in an evapo* 
rating dish; it loses bromine and is changed into white cuprous 
bromide. Cuprous bromide is practically insoluble in water. 

The color of the cupric bromide solution varies, with the dilution; 
the most dilute solutions, which contain practically all the copper 
in the ionic state, are light blue; the most concentrated ones have 
the peculiar, dark-brown color of undissociated cupric bromide; 
other concentrations have interme<Iiatc shades.^ 

' The light-blue color of tlie dilute solutions is the characteristic color of 
all solutions of cupric ions. The changes in color with increasing concentra- 
tion may be due, certainly in part, to an increasing pmportion of aindissociated 
molecules, but it is also (piite certain that changes in the state of hydration of 
the dissolved salt have a large influence in altering the color. (Translators.) 
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.38. Cuprou§ Chloride^ 

Treat 50 g. crystallized cupric sulphate and 25 g. sodium chloride 
(or 37 g. crystallized cupric chloride) in a fljisk with 150 g. concen- 
trated hydrochloric acid and 20 g. copper turnings. Heat upon 
the water bath until, at the end of about an hour, the green color 
has disappeared. Pour the clear solution into a liter of water 
containing a littl^ sulphurous acid, whereby white cuprous chloride, 
insoluble ip dilute hydrochloric acid, is precipitated. Wash the 
precipitate by decantation with water containing sulphurous 
acid, finally drain it with suction and wash successively with 
glacial acetic acid, alcohol, and ether. Dry it in the hot closet. 
Yield, about 20 g. 


.39. Potassium Iodide. 

By the action of iodine upon a caustic potash solution, a mixture of potas- 
sium iodide and iodate is produced, and this can be n*duced completely to the 
iodide by heating with charcoal. By extracting the mass with water and 
recrystallizing, the product can be purified.^ Potassium iodide may also be 
prepared without the intennediate fonuation of iodate, by the interaction of 
ferrous iodide (which can be obtained synthetically from the elements) and 
potassium carbonate. 

Shake 7 or 8 g. iron filings and 50 r.v. water in an Erlcnmeyer 
flask with 25 g. iodine added in small portions. Warm the mix- 
ture somewhat until all of the iodine has combined, and the color 
of the solution has become deep yellow (ferrous iodide); then pour 
off the liquid from the excess of iron. Add five grams more of 
iodine to the solution and heat until it is dissolved.- Pour this 
solution into a boiling solution of 17 g. potassium carbonate in 
.50 c.c. water. The mixture, which at first is very thick, becomes 
more fluid upon further heating, since the pre(dpitate assumes a 
more compact form. A little of the solution when filtered must 
be perfectly colorless, and free from iron; if this is not the case, 
add a little more potassium carbonate to the boiling solution. 
Kva|)orate the filtrate to a small volume in a porcelain dish, filter 
again, and evaporate further in a beaker until crystals begin to 

‘ ('f. Preparation of potassium bromatc and bromide, No. 78. 

* The (*xtra addition of the iodine serves to partially oxidize the ferrous 
salt, and the subsequent precipitate thus contains hydrated ferric oxide and 
is readily filtered ; ferrous carbonate would be very difficult to filter. 
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separate. Then allow the solution to evaporate slowly by placing 
the beaker in a warm place (as on top of the hot closet), Drain 
thp crystals in a funnel, wash them with a little cold water, and 
save the mother liquor for another crop of crystals. Yield, 25 
to 35 g. 

The potassium iodide when dissolved in a little water and acidi- 
fied should not show any yellow color (free iodine), which would 
indicate the presence of iodate in the salt. 

40. Barium Chloride from WItherlte. 

When a sample of witherite is dissolved in hydrochloric acid, the resulting 
solution of barium chloride contains iron as well as other impurities. The 
simplest way to remove the iron is to oxidize it with a little chlorine water, 
and then precipitate it by adding an excess of the powdered mineral (cf. the 
barium carbonate method for the analytical separation of metals, the salts 
of which hydrolyze to different degrees; see p. 61 ). The more difficultly 
soluble barium chloride is freed from any calcium and strontium chlorides by 
crystallization. 

First determine with a Westphal balance the specific gravity 
of the pure, concenti’uted hydrochloric acid which is to be used, 
find the percentage of IIC1 by referring to specific gravity tables, 
and compute tlie quantity of the solution required to dissolve 
100 g. of witherite. Place this amount in a two-liter flask, dilute 
it with water to a volume of 1500 c.c., add the powdered witherite 
and heat until the mineral is dissolved. Impurities such as silicates 
may remain as insoluble residue. Add 50 c.c. of chlorine water, 
then 5 to 10 g. more of witherite, and allows the solution to stand 
in a warm place with frequent shaking. Next niorning again add 
from 2 to 5 g. of witherite. hVom time to time filter a little of the 
solution and test with potassium thiocyanate for iron. When all 
the iron has been precipitated, filter, and evaporate the filtrate 
until crystallization takes place. If during the evaporation any 
more ferric hydroxide, wiiich may have been held in colloidal 
solution, separates, filter it off after the volume has been reduced 
to one-half. Finally, drain the crystals of barium chloride in a 
funnel and concentrate the mother liquor for more crystals. 
Redissolve all the crystals in w^‘lter, acidify wuth a few drops of 
hydrochloric acid, filter afid recrystallize. Yield, 100 to 110 g. of 
BaCl2-2 H 2 O. 
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41. Manganous Chloride from Waste Manganese Liquors* 

Pure manganous chloride can be obtained by' crystallizing the waste 
liquor obtained in the preparation of chlorine frdm pyrolusite and hydrochloric 
acid, if, as in the last preparation, the iron is first removed. 

Similarly, the waste liquor from hydrogen generators can be freed from 
iron and worked up into pure zinc salts. 

Evaporate 2 to 3 litera of the manganese liquor in a porcelain 
dish over the free flame in order to expel the excess 6f hydro- 
chloric acid. Dissolve the residue, which solidifies on cooling, in 
3 to 4 liters of water. Dilute one-tenth of this solution in a flask 
with a large amount of water, and add caustic soda, avoiding an 
excess, in. order to precipitate manganese hydroxide. After 
settling, sq)hon off the clear solution, shake up the precipitate 
with pure water, and wash it repeatedly by decantation until, at 
the end of three or four days, all of the sodium salt has been 
removed. Add the manganese slime thus o])tained to the remain- 
ing nine-tenths of the first solution, and allow the mixture to stand 
for several days in a thick-walled, five-liter flask which is placed 
in a warm place. 8hakc the mixture frequently until all of the 
iron has been precipitated by means of the manganese hydroxide. 
This usually requires about two dc^'s, and at the end a little of 
the filtered solution should give no test with potassium thiocya- 
nate. Filter the solution through a plaited filter and evaporate it 
until crystals begin to separate. Then transfer it to a flask and 
cool rapidly while rotating under the water tap. Drain the crystal 
meal in a suction-funnel and wash it fii’st with 50%, and then with 
pure alcohol. By evaporating the mother liquor a further yield 
is ol)tained. Allow the light pink crystals, which are still moist 
with alcohol, to dry in contact with the air. 

42 , Anhydrous Ferric Chloride; Preparation of Chlorine. 

Clamp a tubulated retort (cf. Fig. 15, p. 78) of about 250 c.c. 
capacity so that its neck (which is 1 to 2 centimeters wide) is in a 
horizontal position. Insert a bundle of iron wires (al)out 0.1 cm. 
in diameter), weighing 10 to 25 g., to about the middle of the neck, 
and connect the end of the latter, through two sulphuric acid wash- 
bottles, with a chlorine generator. Into the tubulus of the retort 
insert a vertical tube, about 50 cm. long and 1 cm. wide, making 
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the joint tight by means of a short piece of riibber tube. Place 
the wl^e apparatus under the hood. 

Conduct a' fairly rapid stream of chlorine into the retort, and 
heat that part of the neck which contains the iron wire gently with 
a small flame that does not touch the glass. Very soon a reaction 
begins to take place with. the emission of light, and a shower of 
brilliant,^ glistening leaflets falls into the bulb of the retort. Heatf. 
the neck of the retort by fanning it with a second and larger flame 
until all of the ferric chloride is sublimed into the bulb. Tap' the 
vertical tube lightly so that any of the product condensed in it 
will fall back into the retort. 

At the end of the experiment shake the product, which is very 
hydroscopic, directly from the retort into a dry, wide-mouthed, 
glass-stoppered bottle. The preparation keeps well if the stopper 
is made air tight with a little vaseline. 

Preparation of Chlorine. 

Large quantities of chloiine may be prepared by the oxidation 
of hydrochloric acid with pyrolusite. Half fill a round-bottomed 
flask of from 1.5 to 2 liters capacity (cf. Fig. H, p. 73) with 
lumps of pyrolusite, and close the flask with a two-holed stopper; 
through one hole insert a thistle tube, which serves as a safety 
tube, and must extend 20 to 30 cm. above the top of the flask 
and nearly to the ))ottom inside. Through the other hole insert 
a short delivery tube bent at a right angle. To cause the evolu- 
tion of chlorine, pour concentrated commercial hydrochloric acid 
through the thistle tube until the pyrolusite is just covered, and 
heat the mixture gently on a Babo funnel; regulate the rate at 
whic^h the gas is generated by altering the height of the flame 
under the evolution flask. A single charge of pyrolusite is 
suflicient to react with several refillings of the acid. Wash the 
gas with water, and di*y it (if ne(^essary) by passing it through 
one or two bottles containing concentrated sulphuric acid. 

It is very convenient to use the dry liquid chlorine wdiich 
can be purchased in steel cylinder under pressure; but this 
is only to be recommended when large amounts are frequently 
used. 

When it is desired to prepare a definite amount of chlorine, an 
excess of hydrochloric acid can be decomposed by means of a 
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weiglied quantity* of potassium permanganate or of potassium 
pyrochromate. 

2 KMnO^ + 16 HCl - 2 MnCl, + 2 KCl + 8 H^O + 5 CI^, 
K^Cr^O; + 14 HCl - 2 Ci<% + 2 KCl + 7 HoO + 3 Cl,. 

43. Anhydrous Ferrous Chloride ; Preparation of Hydrogen 

Chloride. 

On account of its higher melting-point it is more difficult to 
prepare anhydrous ferrous chloride than the corresponding ferric 
salt. Clamp a porcelain tube, 50 to 60 cm. long and 3 cm. in 
inside diameter, in a horizontal position under the hood. Adjust 
it at a suitable height above the blast lamp, and surround it with 
an asbestos heating chamber (Fig. 4, p. 3). Introduc*» a loose 
bundle of iron wires (0.1 cm. in diameter), weighing from 
12 to 15 g., into the part of the tube which can be heated 
hottest. Conduct into the tube a ra})id current of hydrogen 
chloride gas (see below) which is produced l)y the aedion of 
concentrated, commercial sulphuric, acid upon 750 c.c. of con- 
centrated, commercial hydrochloric acid. Place a beaker in a 
tilte<l position over the open end of the tube. Maintain the 
temperature as high as possible during the experiment. The 
produ(it condenses in the cooler parts of the tube, and to some 
extent in the beaker. 

The yield is 15 to 20 g. of dii*ty-white, hygroscopic, leaf-like 
crystals. 

Small amounts of ferrous chloride can be prepared in a similar 
way in a wide combustion tube which is heated in a furnace. 

Aluminium chloride can be prepared in like manner from 
aluminium and hydrogen chloride. 


Preparation of II ndrogen Chloride, 

Small amounts of hydrogen chloride are most conveniently 
prepared in a Kipp generator containing large pieces of sal 
ammoniac (ammonium chloride) upon which concentrated sul- 
phuric acid is allowed to act. This method does not work as 
well for preparing large quantities of the gas, because the foanx- 
ing which occurs becomes troublesome. 
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Larger amounts of hydrogen chloride may be obtained by 
treating 200 g. common salt (sodium chloride) with a cooled 
mixture of 320 g. sulphuric acid and 80 g. water in a round- 
bottomed flask, which may be conveniently heated upon a Babo 
boiling funnel. On cooling, the flow of the gas slackens, but it 
can be started agi a by renewed heating. When the mixture has 
become exhausted, it should be poured out of the flask while 
still warm, since on cooling it becomes solid, and is then difficult 
to remove. 

The following method, which depends upon the fact that hydro- 
gen chloride is but slightly solu!)le in concentrated sulphuiic 
acid, is also to be recommended. ‘ Allow concentrated sulphuric 
acid to drop from a dropping funnel into a large suction flask 
containing concentrated hydrochloric acid, to which a handful of 
common salt may with advantage be added. It is advisable to 
let the sulphuric acid fall first into a small test-tube so that by 
its flowing uniforml}'' over the edge of the latter a steady evolu- 
tion of gas is produced. The rate of flow of gas from the flask 
is governed by the stopcocdc which regulates the dropping of the 
sulphuric acid. 

The reverse process of adding hydrochloric acid to concen- 
trated sulphuric^ acid may also be used, but in order to make the 
lighter hydrochlorii^ acid solution mix thoroughly with the heavier 
sulphuric acid it is necessary to draw out the stem of the dropping 
funnel into a capillary which reaches nearly to the bottom of the 
generating flask. 

44. Anhydrous Chromium Trichloride. 

Place 10 to 20 g. of coarsely powdered, metallic chromium 
(No. 3) in an apparatus constructed like that used in the last 
preparation. Expel the air completely by means of a stream of 
dry chlorine, which will take at least half an hour, and then lieat 
the metal in a current of perfectly dry chlorine for from thirty 
minutes to an hour at as high a temperature as possible. After 
cooling, replace the chlorine by carbon dioxide and shake the 
preparation out of the tube. Beautiful, glistening, violet flakes 

^ Th^ same method may be used for the production of sulpliur dioxide if 
concentrated sulpliuric acid is allowed to drop into a solution of commercial 
sodium bisulphite. 
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are obtained, together with a darker powder of a more brownish 
shade which under the microscope is shown to be crystalline. 
Collect, the two forms separately. Chromium trichloride is, on 
account of its slow rate of solution, practically insoluble in water. 

It is diffi(Hilt to clean the porcelain tube after this experiment. 
Stopper it at one end, and fill it with commer(;iai, con(?entrated 
hydrochloric acid to which a little ferrous sulphate has been 
added, and let it stand. Dependent preparations: Chromium 
Nitride (No. 62), Hexamminechromic Nitrate and Chloropen- 
tainniinechromic Chloride (No. 140). 

45, Sulphur Chloride, SoCl^. 

Of the chlorides of sulphur, 82 ('l 2 is stable at the laboratory temperature. 
The chloride SCl^ is a yellowisli-white substance which melts at — 30® and 
decomposes at a few degrees above the melting-point. 4'he comiwund St'h 
has very recently been prepared pure by E. Beckmann in the form of a dark- 
renl substance, and has been shown by him to be a definite compound. 

Connect a tubulated retort (Fig. 14) of 250 c.c. ^capacity with 
a condenser, an adapter, and a suction flask which serves as a 
receiver; from the side arm of the latter, lead a glass tube to 
the ventilating flue. Fill the retort with 100 g. of flovvei's of 
sulphur, and heat it upon a Babo funnel, or, better still, in a 
nickel air-bath, to a temperature of from 200® to 250°. Conduct 
into the retort a rapid current of chlorine, whicdi has been 
washed once with water and oru^e wdth sulphuric acid. 1'he sul- 
phur chloride that is formed di.stils completely into the receiver; 
a slight blackish coating w Inch remains behind is due to impurities 
in the sulphur. The operation reejuires about four hours. 

To the crude product thus prepared, add 10 to 15 g. of sulphur 
w^hich combines with the excess of chloi’ine. Distil the sulphur 
chloride from a fractionating flask provided wdth a condenser 
and a receiver, and if more than a small amount passes over 
before a temperature of 130° is reached, pour it back* into the 
flask and add more sulphur. Then distil again, rejecting the 
portion that passes over below 134°, and collecting as pure pro- 
duct the distillate betw'^ecn 137° and 138°. Only towards the 
end of the process does the temperature lise a few degrees above 
this point, due to superheating of the vapors. The excess of 
sulphur remains behind in the flask. The preparation may be 
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further purified by another fractionation. The yield is almost 
theoretical. 

Sulphur chloride, S2CI2, as ordinarily obtained, is a yellowish- 
red, heavy liquid which fumes a little in the air, has an unpleas- 
ant odor, and attacks the mucous membrane. When distilled in 
vacuum it has a pure yellow color. This preparation should be 



carried out in a room reserved especially for working!: with nox- 
ious compouiKls, and the li(piids should be transferred from one 
vessel to another only when under the hood. 

40. Chlorides of Phosphorus. 

Chlorine conibinos with pliospliorus lo form cither the licjuid trichlorido or 
the solid pentachlorido according to wiicthcr the phosphorus or chlorine is 
present in excess. Pho.sphonis trichloride boils undecomposed at 70° C.; on 
heating phosphorus pentachlonMe, it vajwrize.s witliout pa.ssing through the 
li(juid jdiase. Density determinations of the gas show that the pentachloride 
is appreciably dissociated at J80®, and praetic^dly completely so at temper- 
atures above 290®, into phosphorus trichloride and chlorine; the latter can be 
identified by its yollowish-gnM'u color. On cooling, the dissociation products 
recombine and again form the pentachloride*. 

Phosphorus oxychloride is most conveniently prepared by oxidizing phos- 
phorus trichloride with pota.ssium chlorate. 

3 PCI 3 4- KCIO 3 3 POCd 3 I K(d. 
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Phosphorus Trichloride. Use the same apparatus as in the 
preparation of sulphur chloride (No. 45), except that the heating 
bath under the retort is in this case superfluous. Cut 31 g. of 
yellow phosphorus into small pieces, keeping it under water in a 
porcelain mortar, and handling it with pincers. Dry the phos- 
phorus by rapidly pressing each piece between filter papers, and 
introduce it through the tubulus into the retort which has pre- 
viously been filled with carbon dioxide gas. Avoid handling the 
phosphorus with the fingers, because it takes fire easily, and 
phosphorus burns are severe and frequently dangerous. Any 
residue of phosphorus left in the mortar should be wiped out with 
moist filter paper, and the paper immediately burned. 

On conducting chlorine into the retort, the phospliorus ignites, 
melts, and l)urns with a pale flame to phosphorus trichloride. 
Outside heating of the retort is unnecessary, but it is important 
to have the stream of chlorine pass rapiilly and steadily. Kegu- 
late thC; reaction from time to time, as necessary, by raising or 
lowering the tul)e through w’hich the ’“chlorine enters the retort; 
this tube should be fitted so that it can be moved readily. 
Lower the tube if a white sublimate of phosphorus pentachloride 
forms in the upper part of the neck of the retort; raise it a 
little if a yellowish-red sublimate begins to make the neck of 
the retort opacpie. This regulation, which is necessary for the 
proper carrying out of the experiment, does not involve any 
difficulty. 

Purify the crude i)roduct by distilling it from a flask with a 
side-arm condenser (Kig. 7, p. 6). Boiling-point, 76°. Yield, 100 
to PJO g. 

Phosphorus Pentachloride. Close a wide-mouthed liter bottle 
by means of a three-holed cork. Through one hole introduce the 
stem of a dropping funnel so that it reaches just inside the 
stopper; through the second hole insert a glass tube of 1 cm. 
bore which reaches to the middle of the bottle and serves for the 
introduction of chlorine; through the third hole insert another 
tube which ends just below the cork and serves for the escape of 
the excess of chlorine. I’rovide the 1 cm. wide vertical tube with a 
side arm through w^hich the chlorine is to be introduced, and close 
the upper end with a cork stopper. Then when the lower part of 
the tube becomes clogged wdth phosphorus pentachloride, it is 
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only necessary to remove the stopper a moment and push the 
obstruction out of the way with a stirring rod. 

Conduct chlorine into the flask, and at the same time intro- 
duce phosphorus trichloride through the dropping funnel; the 
two substances immediately combine. C-are should be taken to 
kecf) chlorine present in excess. At the end loosen the phos- 
phorus pentachloride formed by means of a spatula, and allow 
the flask, whi(!h is still filled with chlorine, to stand for some time 
before removing the product. 1'he yield is almost quantitative. 
Dependent preparation: Thionyl (’hloride, No. I51. 

Phosphorus Odi/chloridc. Connect a 150 to 200 c.c. distilling 
flask, containing 21 g. (one-sixth mol.) of finely powdered potas- 
sium chlorate, with a condenser and receiver. Then allow 69 g. 
of phosphorus trichloridcj (one-half mol.) to flow into the flask a 
little at a time. After each adclition of the chloriile, w^ait until 
the reaction, which is made evident ))y a gentle ebullition, has 
ceased l)efore adding more; at the start it is permissible to 
warm slightly if necessniy. Should a little liquid distil over into 
the receiver during this operation, return it to the distilling 
flask. 

When the reaction is complete, distil the phosphorus oxychlo- 
ride by heating with a, large flame, holding the burner in the hand 
and playing the flame around the bulb of the flask. A ther- 
mometer is not necessary for this distillation. Clean and dry 
the apparatus, and redistil the product, this time using a ther- 
mometer. Collect the first few drops which come over separately. 
Boiling-point, 110°. Dependent preparation: Triethyl Phos- 
phate,''No. 157. 


47. Chlorides of Antimony. 

Antimony Trichloride. Treat 100 g. of finely powdered stibnite, 
in a 750 c.c. flask, with 400 g. of concentrated, commercial hydro- 
chloric acid, shaking frequently and heating upon the water bath 
until as much as possible of the material is dissolved. Boil the 
solution five minutes in order to remove the greater part of the 
dissolved hydrogen sulphide. Add five cul)ic centimeters more of 
concentrated hydrochloric acid, and filter the solution through a 
Buchner funnel containing a layer of asbestos-felt which has been 
previously moistened with the concentrated acid. 
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Distil the antimony trichloride solution from a retort, provided 
with a thermometer, until the temperature i-eaches 120°; in order 
to prevent bumping?, place bits of pumice or of unglazed porcelain 
in the liquid. The distillate consists chiefly of hydrochloric acid, 
containing eventually some arsenic trichloride. 

Transfer the licjuid remaining in the retort, after again filtering 
through asl)eslos if necessary, to a distilling flask. Fit the side 
arm of the latter by means of a cork stopper to a long tube 
about 1 cm. in diameter which serves as a condenser (cf. Fig: 8, 
p. 7). The distillate first passing over is clear, then becomes 
more or less yellowish due to ferric chloride, and finally, when the 
temperature is above 215°, it becomes colorless again. At this 
point change the receiver for a dry, clean, weighed Erlenmeyer 
flask. The last portion of the distillate solidifies, on cooling, into 
a radiiitirig mass of crystals. It can be further purified by redis- 
tillation. Boiling-point, 22l]°. 

Pour the first fraction of the distillate, which consists of a mix- 
ture of hydrochloric acid and antimony trichloride, into a large 
quantity of water; collect the precipitated basic antimony chloride 
(es.sentially a mixture of SbOCl and SbjOa) on a filter and wash 
and ‘dry it. Dependent preparation: Metallic Antimony, No. 7. 

Antimoiijf Pcntachloride. Pass dry chlorine gas into fused 
antimony trichloride until the gain in weight corresponds to that 
required for the change to the pentachloride. At first the reaction 
mixture must be kept above the melting-point of pure trichloride, 
but as more and more of the pentachloride, which is liquid under 
ordinary conditions, forms, the mixture may be allowed to cool to 
room temperature. 


48. Iodides of Bismuth. 

Bismuth Tri-iodidc. Triturate S g. of sifted powdered bismuth 
with 13 g. of iodine in a mortar, and introduce the mixture into a 
50 c.c. plain retort. Cut off the neck of the lotort to a length of 
aV)out 7 cm., and suspend the whole with a loop or spiral of wire 
from a ring-stand in such a way that all portions of the retort can 
be heated freely. On heating the mixture a feeble reaction is soon 
observed. On heating more strongly, a little iodine sublimes at 
first, and should be driven ofPby playing a second flame over the 
neck of the retort (Hood); then the l>isniuth tri-iodide sublimes 
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and condenses in the form of a shower of crystafline spangles. 
Collect these in a porcelain evaporating dish which is •placed so 
that the neck of the retort rests in its lip. Cover the dish with a 
watch-glass, and protect the space still left open with some asbestos 
paper cut to the pi’oper shape. 

On standing, bismuth iodide decomposes rather easily with lib- 
eration of iodine. 

Bade , Binmutl Iodide^ BiOI . Triturate 10 g. of bismuth tri- 
iodide in a mortar with water, and decant off the liquid together 
with the finest powder into a beaker; treat the residue with 
another portion of winter in exactly the same w^ay, and continue 
the treatment until all of the material is obtained in a state of 
finest subdivision with from 200 to 400 c.c. of water.' Boil the 
mixture for an hour or two, collect the product of hydrolysis on a 
suction filter, w’ash it with w^ater, and dry it in the hot closet. 
Small, light-browm to red crystal leaflets are obtained which are 
somewdiat lighter colored tlian red phosphorus. Yield, about 7.5 g. 

Tlio hydrolysis of tlu* iodide, which is difficultly soluble iu wat(T, takes 
place more slowly than that of the more soluble chloridt*, an indication that 
such interactions of a soliil substance* under a li(pud do not tiike place with 
the solid itself, but involve rath(*r only that part of the substance which exists, 
at the moment, in solution. 


49. HLsinuth Tribromide. 

A mixture of powdered hismuth and bromine macts only slowly and in- 
completely in the eohl, but with almost explosive violenci* when heated. The 
simpl(‘st way to prej)are bismuth tribromide is to })ass bromine vapors over 
heated bismuth. 

The apparatus cMuployed is similar to that used in the prepara- 
tion of ferric chloride (No. 42). The nock' of a tubulatOAl retort, 
of from 100 to 150 c.c. capacity, is bent dowunvard a little, near 
the bulb, and a little farther aw^ay it is bent upward (cf. Fig. 15). 
Introduce 10 to 15 g. of bismuth in the depression of the neck, 
and connect the end of the latter with a w^ash bottle containing 
bromine, through wdiich dry carbon dioxide is to be passed in the 
direction of the retort.* Through the tubulus of the retort 

' Instead of conducting bromine diluted with carbon dioxide over the 
bismuth, the pure vapors may be distilled from a second smaller retort. The 
reaction then takes place more rapidly, but requires more attention. 
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introduce a glass tube one-half meter long and about 1 cm. in 
diameter, and make the joint tight with a piece of rubber tubing 
around the glass. This long tube is to serve as a condenser, and 
to lead the excess of bromine into the hood. 

After starting the current of carbon dioxide, heat the bismuth 
gently by means of a Bunsen burner with a flame spreader, and 
warm the bromine by placing the wash bottle in warm water and 



renewing the latter as it cools. Dark-red vapors of bismuth 
bromide form and condense as yellow flakes in the bulb of the 
retort, and to some extent in the glass tube. 

Break the retort, collect the product, and let it stand over night 
in a vacuum desiccator to remove any adhering bromine; or,* distil 
it from a smaller plain retort. The neck of the latter should be 
about 8 cm. long and the whole should be suspended in a double 
loop of wire (cf. No. 48). Yield, nearly theoretical. 

Boiling-point of Bismuth Bromide. Use a thermometer filled 
under press\ire, which measures temperatures as high as 540°.' 
Place the bismuth V)romidc in a Jena glass test-tube, 20 cm. long 
and 2.5 cm. wide, and heat until the substance boils; suspend 
the thermometer so that it reaches well into the vapor. When the 
vapors first begin to reach the mercury bulb, lower or remove the 

* Cf. No. 54 for the thermoelectric measurement of temperatures. 
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flame for a little so as to avoid heating the thermometer too 
suddenly; then heat strongly again. Correct the boiling-point as 
thus determined either as directed in No. 6, or by means of finding 
the apparent boiling-point of pure sulphur under exactly the same 
conditions. The difference between the latter observed reading 
and 448° (the true boiling-point of sulphur) is to be applied as a 
correction to the apparent boiling-point of the bismuth tribromide. 
This very simple method of making the correction for stem expo- 
sure gives good results, provided the two temperatures compared 
are not far from one another. Boiling-point of bismuth bromide, 
466°.' 


60. Tin Tetrachloride.- 

Make use of the same apparatus as described under the prep- 
aration of sulphur chloride (Fig. 14, p. 73). Place 60 g. of tin 
in the retort, and heat it by placing a Bunsen flame underneath. 
After the tin is melted pass a rapid current of chlorine, allowing 
it to play directly on the surface of the metal. Liquid tin 
tetrachloride, which is colored yellow by dissolved chlorine^ 
collects in the receiver. When the metal in the retort has 
all disappeared, add some tinfoil to the distillate in the receiv- 
ing flask, stopper the latter, and allow it to stand until the 
next day in order that the dissolved chlorine may all react with 
the tin. 

Place the crude product together with a lit tle tinfoil in a 100 c.c. 
distilling flask, provided with a side-arm condenser (Fig. 7). Fit 
a thermometer in the neck of the flask, and distil the liquid at 
the hood, rejecting the first few drops which pass over. If the 
distillate is not perfectly colorless, allow it to stand over night with 
more tinfoil and repeat the distillation. Boiling-point, 113.5° to 
114°. Preserve the preparation in a sealed vessel. 

When exposed to the atmosphere, tin tetrachloride absorbs 
water and soon becomes changed to the solid white hydrate. 
Tin tetrachloride can, like titanium tetrachloride, be transformed 

* Author^s observation: Victor Meyer found 453® with an air thermometer. 
Ann. 264, 122 (1891). 

* For a somewhat difTorent method of carrying out this preparation, see 
R. Lorenz, Z. anorg. Chem., 10, 44 (1895). 
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into the corresponding sulphide (cf. Titunium Disulphide, No. 58). 
The formation of colloidal stannic acid from tin tetrachloride 
is discussed under Purple of Cassius, No. 25. 

51. Silicon Tetrachloride. 

For preparing silicon tetrachloride from the elements, oitluT eoinniercial 
silicon obtained in the electric furnace, or tin* crystiillized product prepared 
by the thermite process (No. 4), may be used. 

Generate chlorine in a two-liter (or larger) flask from pyrolu- 
site and con(*eutrated hydrochloric acid, and wash the gas once 
with water and twice with concentrated sulphuric acid. Spread 
a layer of about 10 g. finely powdered silicon loosely in a 40 cm. 
long combustion tube which is placed over a row burner (Fig. 3). 
Connect one end of the combustion tube with the chlorine gener- 
ator, and draw out the other end to about the size of a lead 
pencil. Join this narrow end with a gas wash-bottle, using a 
rubber connector and pushing the ends of the glass tubes close 
together. Cool the wash bottle by surrounding it. with a mix- 
ture of ice and salt, and arrange a glass tube to conduct the 
waste gases into the ventilating flue. 

Firet of all, — and this is very important, — sweep the air com- 
pletely out from the apparatus by passing a rapid stream of 
chlorine gas for about half an hour. After that, heat the com- 
bustion tube until the reaction begins and produces incandes- 
cence; the flames beneath the tube may be turned quite low 
while the reaction is progressing, and it is well to turn the tul)e 
from time to time on its long axis. All of the silicon is acted 
upon, and only a few flakes of silicom dioxide remain l)ohind, 
while a trace of aluminium chloride conflenses at the end of the 
tube. . 

Without using a thermometer, distil the impure product slowly 
from a fractionating flask wnth side-arm condenser (Fig. 7). 
The greater part of the dissolved chlorine is iherel)y expelled, 
but to remove the last of it, let the distillate stand about a day 
iri|^ontact with mercury in a thick-walled bottle, stoppered with 
a cork (not a glass stopper), shaking vigorously from time to time 
until the liquid is decolorized. By again distilling, this time 
with a thermometer, the compound is obtained pure. Boiling- 
point, 58° to 60°. Yield, 35 to 40 g. 
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That portion of the distillate passing over above 60°, which, 
how'cver, is small in amount by this method of preparation, con- 
tains a little silicon hoxachloride, SioCle, boiling-point 145° to 
146°, and some silicon octachloride, SigClg, boiling-point 210° 
to 215°. . 

Silicon tctradiloride is a colorless, mobile liquid, and shows 
a high refractive index for light. It fumes strongly in the air, 
and on being mixed with water it hydrolyzes, forming ortho- 
silicic and hydrochloric acids: 

SiCl4 + 4 H/) - 8i(()H)4 + 4 HCl. 

Preserve the preparation in a sealed flask. Dependent prepara- 
tion: Tetraethyl Silicate, No. 158. 

Instead of starting with pure silicon, the directions of Gatter- 
mann^ may be followed: Prepare an impure silicon by igniting 
40 g. magnesium powder with 160 g. dried and sifted quartz 
sand, and chlorinate the resulting mixture of silicon and mag- 
nesium oxide by heating it to 300° to 310° in a long combustion 
tube, placed in a bomb ” furnace, while passing a current of dry 
chlorine. This method yields a product containing more of the 
bexachloride and octachloride than when, as by the first method, 
the chlorination is c.arried out at a higher temperature. 

Silicon Chloroform. The compound SiHClg can be obtained in 
a corresponding manner if, instead of chlorine, dry hydrogen 
chloride, free from air, is passed over the silicon powder at a 
temperature of 450° to 500°. For the preparation of this com- 
pound in larger quantities, and for its properties (boiling point, 
33° to 34°), see Ruff and Albert, Ber. 38, 2222 (1905). 

53, Titanium Tetrachloride from Rutile. 

A number of oxides wliich are not reduced by charcoal can be transformed 
^ into the corresponding chlorides by the simultaneous action of carbon and 
chlorine. This method was originiited by Oersted in 1824, and perfected by 
WdhlcT for Li number of different oxides. It has been, for decades, the most 
important, if not the sole, method for the pn'paration of certain chlorides 
(Ain.„ SiCh, TiOh, IJCh (No. 169), etc.). From a theoretical standpoint is 
a good example of the displacement of an equilibrium by the removal of one 
or more of the products from the sphere of .action, whereby a given reaction is 
enabled to become quantitative: the reduction of aluminium oxide cannot be 

> L. Gattermann, Ber. 33, 186; (1889) 37, 1943 (1894). 
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accomplished by iiieuns of chareoul, but the oxides of carbon, on the other 
hand, can be reduced by aluminium; an equilibrium mixture of aluminium 
oxide, aluminium, carbon, and oxides of carbon, therefore, can contain only 
an infinitesimal amount of aluminium. If, however, this minute amount of 
aluminium in the mixture is removed continuously by causing it to combine 
with chlorine, an opportunity is thus alforded for a continuous re{)roduction 
of fresh quantities of aluminium from the reduction of its oxide, until the entire 
amount of the latter is exhausted. 

The preparation of titanium bdrachloride from rutile is tlie most con- 
venient laboratory method for obtainin/:j: pun* titanium compounds from Uiat 
inexpensive mineral, Insteail of usin^j: carbon and chlorine scfiaralely, vapors 
of carbon tetrachloride may be comluetc‘d over tlu* lieati'd oxidt*; the same 
end may be attained l)y using sulphur chloride. 

Mix 100 g. of finely powdered rutile iiitinintely with 40 g. of 
lampblack, and knead the mixture, with the aid of as little starch 
paste as possilde, into a thick, although still plastic mass. Shape 
the mass into pellets of about 0.5 cm. diameter, and dry them 
first in the hot closet, and then in a crucible ])laced in the 
charcoal furnace. Introduce the dry and very ))rittlo pellets 
carefully into a wide combustion tube, and arrange the appa- 
ratus, which must be carefully dried, as shown in the sketch 
below (Fig. 16). Rubber connectors are to be avoided as much 



as possible: Before beginning the chlorination ignite the pellets 
again, this time in an atmosphere of carbon dioxide, in order to 
remove the last traces of moisture; and meanwhile start the evo- 
lution of chlorine in the generator. Then connect the apparatus 
for the first time with the receiver (capacity 200 to 300 c.c.), 
which is surrounded by ice. Conduct chlorine into the appa- 
ratus, and heat the tube, which rests in a combustion furnace, at 
first with small flames, then gradually bring it to a red heat. It 
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is essential to maintain a strong, steady stream of chlorine, the 
bubbles of which pass tlirough the wash bottle so rapidly that it 
is just impossible to count them. Titanium tetrachloride collects 
in the receiver in the form of a liquid which is colored yellow by 
free cliloriiie and is clouded by small crystals of ferric chloride.^ 
The operation rccpiires about three hours. The amount of rutile 
prescribed is sufficient to yield enough material for two fillings of 
a combustion tube. 

Filter the crude product through a dry Gooch crucible contain- 
ing an asbestos-felt, and then allow it to remain in contact with 
mercury, or copper filings, in a thick-walled bottle closed with a 
cork stopper; occasionally shake it vigorously, adding a little fresh 
metal each time, until, at the end of about twelve hours, all the 
free chlorine has combined. A little vSodium amalgam may be 
added toward the end of the process in order to remove traces 
of vanadium. After again filtering through a Gooch crucible, 
distil the clear liquid from a, fractionating flask w’ith a side-arm 
condenser (Fig. 7, p. 6). Boiling-point, L‘^()° to 137°. The liquid 
has a strong refrac.ting po\ver for light, and it fumes in the air. 
Yield, 100 to 130 g. Dependent preparations: Titanium Disul- 
phide, No. 58; Potassium Titanium Fluoride, No. 103. 

Titanium Dioxide from Titanium Tetrachloride. Pour about 
10 c.c. of titanium tetrachloride, a little at a time, into 200 c.c. of 
water, whereby hydrolysis takes place, although the hydrated 
titanium oxide which is formed remains in colloidal solution. 
Add a little sulphuric acid, and boil; titanic acid is thereby 
precipitated in a form which can be readily filtered. Wash the 
precipitate with water containing ammonium nitrate, dry it in 
the hot closet, and ignite it in a porcelain crucible until white 
titanium dioxide is left. In order to remove the last traces of 
sulphuric acid, which are retained very persistently, ignite the 
product several times with ammoAiam carbonate. Yield, almost 
theoretical. 

Hydrogen Peroxide Reaction, Fuse a little titanium dioxide 
with potassium acid sulphate, and dissolve the melt in cold water. 
A few drops of this solution when treated with an aqueous solution 
of hydrogen peroxide show a browuiish-yellow to yellow color. 

» If the rutile used has a high iron content, it can happen that the tube 
will become clogged with crystals of ferric chloride. 



8i 


HALOGEN COMPOUNDS. 


The reaction is extremely sensitive, and can be used as a test for 
hydrogen peroxide as well as for titanium. J\. drop of ordinary 3% 
hydrogen peroxide solutiop diluted with half a liter of water can 
be detected by adding a few cubic centimeters of the jeagent. 
Molybdenum and vanadium compounds react similarly, though 
less strongly, with hydrogen peroxide. 

53. Anhydrous Titanium Trichloride. 

Titanium tetrachloride in aqueous solution may be reduced by metallic 
tin or zinc, or by electrolysis, to violet titanium trichloride; solutions of the 
latt('r have recently been recommended highly as reducing agents. The^ 
tricliloride is obtained in an anhydrous condition by a metliod which is of 
quite general applicability. A mixture of titanium tetrachloride vapor and 
hydrogen is conducted through a n^d-hot tube whertd)y the trichloride deposits 
in the form of leddish-violet, non-volatile leaflets. 

Place a tui>e made of difRcuiltl}’' fusible glass in a combustion 
furnace, and connect it, as shown in Fig. 17, on the one side with a 


Cumbustioti Furnace 

FuJ. 37. 

100 c.c. retort, and on the other side with a receiver of twice that 
size. Rest the receiver in a dish filled with ice, and add 10 to 50 g. 
of titanium tetracliloride to the retort. 

Fill the entire apparatus with hydrogen which is conducted 
through the inlet tube of the retort. As soon as the gas escaping 
at the other end is shown, on testing, to consist of pure hydrogen, 
heat the combustion tulio to bright redness and heat the tita- 
nium tetrachloride nearly to tlie boiling-point by moans of a small 
flame, meanwhile passing a rapid stream of hydrogen continuously 
through the apparatus. Regulate the temperature of the titanium 
tetrachloride so that, as nearly as possible, all of it is decomposed 
and none condenses unchanged in the receiver. If, however, this 
is not accomplished, pour liack the distillate into the retort and 
repeat the process. Finally, disconnect the receiver (close the 
end of the tube with a cork carrying a short delivery tube bent 
downward) and heat the part of the tube projecting beyond the 
furnace by fanning it with a flame, until no more white vapors 
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escape. Allow the apparatus to cool completely, and Temoy(® the 
preparation by the aid of a glass rod or a wire, after cutting the 
tube, if necessary, into several sections. The preparation should 
be protected from moisture, best by keeping.it in a sealed tube. 
'Yield, slight. 

(c) Sulphides. 

54. Phosphorus Pentasulphide;^ Thermoelectric Determination 
of the Boiiing-Pohit. 

Mix 176 g. of flowers of sulphur with 62 g. of dry red phosphorus; 
‘if the phosphorus is moist, it should be washed with hot water, 
rinsed on a filter several times with water, then with alcohol, and 
dried in the hot closet. 

Clamp a 750' c.c. round-bottomed flask to a ring-stand, under the 
hood, at a suitable height above a Bunsen burner. Introduce a 
spoonful of the above mixture into the flask, and after replacing 
approximately all of the air with carbon dioxide, heat until a 
reaction begins. Then remove the burner at, once, and add 
spoonful after spoonful of the i)owdor so that each portion imme- 
diately enters into naiclion; toward the end heat the flask from 
time to time with the burner. Take care that neither the powder 
in the spoon nor the supply of unused material (Pitches fire; keep 
a supply of sand on hand to throw on tlie l)laze, and a pan to catch 
the li(|uid, in case the flask should break and its burning contents 
run out. Usually the preparation can be carried out without 
accident. After cooling, break the flask, and collect the gray and 
somewhat hygrosc,of)ic crude product. 

Purify the su])stance by distilling it from a small, wide-necked, 
plain retort, rejecting the first few drops of distillate and collecting 
the main portion in a dry flask. To retain tlie heat, fold a piece 
of asbestos pa])er into a cone and place it over the neck and bulb 
of the retort. The distillate solidifies into a light-yellow, amor- 
phous mass. Break the flask and transfer the product, after 
removing any fragments of glass, to a bottle* which can be tightly 
stoppered. Yield, about ISO g. 

A part of the preparation can be further purified by crystalliza- 
tion from carbon bisulphide. Place the material in a Soxhlet 
thimble, extract it for several days with carbon bisulphide in an 


Cf. A. Stock, Bcr. 41, 50:5 (1908). 
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automatic apparatus, and collect the crystals which have separated 
in the boiling-flask. The purified product melts at 276' to 276°, 
and 0.50S part dissolves in lOO parts of boiling carbon bisulphide. 

Thermoelectric Determination of the Boilinq-poiiU. Le Chate- 
lier’s pyrometer is used for the measurement of temperatures up 
to 1600°. It consists of two wires, one of platinum and the otluir 

of 10% rhodium - platinum 
alloy, which, at one end, are 
fused together in the oxyhy- 
(Irogen flame and at the other 
end are connected through a 
suitable measuring instrument. 

A dilTerence between the 
temperature at the junction 
of the wires and that at the 
free ends gives rise to an elec- 
tric current, the feeble poten- 
tial of which may be measured 
by means of a sensitive volt- 
meter. In order to economize 
in the amount of platinum, the 
free ends of the ])yrometer are 
connected to insulated copper 
wires leading to the measuring 
instrument. The two parts of 
the circuit where the connec- 
tion with the copper wares is 
made arc inserted in glass test- 
tubes, and the latter are closed 
by cork stoppers. The test- 
tul)es are placed in a beaker 
Fig. 18. filled wath waater to serve as a 

thermostat, and the beaker is 
enveloped in asbestos paper. In the voltmeter which is to be used 
for pyrometric wajrk, a second scale is graduated to give directly the 
temperature readings, each division of the scale representing 10 
degrees. In order to find the true temperature of the junction, the 
reading must.be corrected by adding half the temperature of the 
thermostat. If the latter is maintained at 0°, by filling the beaker 
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with ice, no correction is neccssaiy. On account of the sensitive- 
ness of tiie thernio-elenient toward chemical influences, the wires 
fire ])rotected hy a lonjz;, narrow porcelain tul)e, to the closed end of 
which the thermoelectric junction is inserted. Inside 
this tube, one wire is isolated from the other ])y bcin^ 
plac(‘d inside fi porcelain ca))illary (a, Fic;. 19). The 
protective tube should, to save space, be made as nar- 
row as possible, find it mayj)e of <j!;iazed or iinjiilazed 
porcelain ; the latter will stand a hi«:her heat, but is not 
impervious to gases; at temj)eratures up to rod heat, fi 
protective tube oj* Jema glass may be employed, which, 
particularly if the wires are insulated with mica, can 
be made of smaller l^ore. In setting up an apparatus 
for the pyromctric measurements of temperatures, 
special care should be tfiken to properly connect the 
thermo-element with the terminals of the voltmeter, 
to carefully isolate the pyrometer wires, and to see 
that the voltmeter is properly adjusted and set to the correct 
zero point. 

The pyrometer is best standardized by carrying out measure- 
ments with a few pure metals, the melting-points of which are 
accurately known. ^ Refer to the discussion, under Tin (No. 6, 
p. 15), of melting-point detcrminfitions. 

To determine the boiling-point of the phosphorus penta- 
sulphide, fasten a Jena-glass test-tube, about 40 cm. long and 
4 cm. in diameter, in a perpendicular position, and place in it 
about 40 g. of the material. Around the middle part of the 
tube above the substance, wrap several layers of asbestos paper 
and secure the pyrometer so tluit the thermoelectric junction 
hangs two or three centimeters above the surface of the melted 
material. Heat the phosphorus pentasulphide to boiling with a 
large flame, meanwhile passing a slow stream of carbon dioxide 
into the upper part of the test-tube in order to prevent the 
ignition of the hot vfipors when they come in contact with the 

* Cf. L. Ilolborn arid A. Day, Ann. d. Physik. (4) 2, 545 (1900); 4, 99 
(1901). 

Cd molts at ;r21° Cu melts at 1065° (in air). 

Pb “ “ 327°. Cu “ 1084° (in nitrogen). 

Zn 419°. Au ** “ 1064°. 
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air. Tho voltmeter rises slowly until it registers the leinperature 
of the hot vapor, after which it remains constant. It is neces- 
sary, . however, that tho liquid should boil vifi^orously. Tlie 
boiling-point deteiauined in this way in the author’s laboratory 
with the substance pre])arpd as above, was 507° to 50S° at 710 mni., 
which value agrees with that obtained by Hodenstein (508° at 
atmospheric pressure) . 

55 . Black Mercuric Sulphide; Transformation into Cinnabar. 

Tln‘ )>lack snlphid(* of mercury is .always fornu'd by tlu^ din‘ct coinl)ination 
of tlie clciiu'iits, as well as by tiu' precipitation of a iiK'rcuric salt with liydrogcai 
sulp})id<*, but tliis modification chan/i^es slowly, of itself, fhto llu* nion* stable, 
red form (cinnabar). tnmsformation may 1h‘ aceel('r.*it(‘d i^re.atly by 

allowing tlie black sulphide to stand in a warm place in contact with a solution 
containing caustic alkali and alkaline sulphi<l(‘; littl(‘ by litth* tin* relativ(‘ly 
more soluble black sulphidt* dissolve's, aiul the more insohibh' red form 
separates in a crystalline condition. 

Triturate 50 g. mercury, 20 g. flowers of sulphur, and a little 
amiiKmium sulphide solution, in a large porcelain mortar. Mix 
the resulting black paste of mercuric sulphide, stdj)hur, and 
glol)ules of mercury wdth 00 g. of a 20% caustic potash solution, 
and allow the mixture to sttind at a temperature of about 50° 
(e.ff.f on top of the hot clo.set). ReiUace the evaporated water 
dtiily, mixing up the mass each time with the pfestle. When, at 
the end of a week at most, the mass has become of a pure red 
color, wash it by decantation with water, whereby the greater 
part of the excess of sulphur is removed, and then decant the 
ciimabiar itself with water into an evaporating dish, allowing any, 
lumps of the black sulphide to remain behind. Boil the material 
with a sodium sulphite solution to remove the remainder of the 
free sulphur, and wash the final product l^y decantation with 
boiling water. Drain the product on the suction-filter and dry it 
in the hot closet. Yield, SO to 90% of the theoretical. 

56. Sulphides of Tin. 

Stannous Sulphide, Dissolve 12 g. of tin in 50 g. of concen- 
trated hydrochloric acid, warming gentlyd Dilute the filtered 

^ Tho addition of 2.5 o.c. of nitric acid, of sp. gr. 1.2, together with the 
hydrochloric acid will cause the metal to dissolve very much more rapidly. 
The nitric acid is reduced to ammonium salt. (Translators.) 
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solution to 2000 (?.(?., aiid treat it, at the temperature of the water 
hath, with hydrogen sulphide until the precipitate settles clear. 
Collect the stannous sulphid(i u])oii a large jdaited filter, wash it 
thoroughly with hot water, and allow it to dry over night on a 
poi’ous plate. Br(‘ak up the caked product which results and 
leave it in the drying closet, occasionally breaking up the lumps 
and grinding them to a powder, until the mass is entirely free 
from moisture. 

Stannic Sulphide. Triturate the stannous sul[)hide, pre|)ared 
by the above directions, with half its weight of sul])hur and 0 g. 
of aiumoiiium chloride. Idace the mixture in an Krlenmeyei* 
flask, w’hich should be ai)out three-C|uart(M‘s filled, and bury the 
flask to its neck on a sand bath or place it f)n a Habo funnel, 
cen’ering it with a cone of asbestos paper. Heat for twa) hours, 
not too strongly, but say sufficiently to keep the iron pan of the 
sand bath at a fairly bright red heat. Then, wdien the ammo- 
nium chloride and the excess of sulj)hur should be conijiletely 
volatilized, allow the contents of the flask to (‘ool. On breaking 
the flask, the stannic sulf)hide is obtained in the form of soft, 
glistening, yellow crystals. It is knowm in this modification 
l)y the name of Momic Gold. Impurities may bo removed 
by decantation with water; th(\v either float off or I'emain 
entirely behind. 

Another method for preparing this compound is to start wuth 
stannic chloride and carry out the process as described for tita- 
nium disulphide. No. 58. 

57. Green Manganese Sulphide. 

Heat a solution of 40 g. crystallized manganous sulphate in 
•1200 c.c. of water to boiling in a 2-liter beaker. Blow in a vigor- 
ous current of steam, and add 300 c.c. of yellow ammonium sul- 
phide, all at one time, while the solution is being agitated by the 
steam; the manganous sulphide formed appears reddish for the 
first moment, immediately turns yellowish, and soon becomes dark 
olive-green. Wash the precipitate, which settles well, by decan- 
tation with boiling water containing a little hydrogen sulphide; 
each volume of water added should be thoroughly mixed with the 
precipitate by blowing in steam. All of the ammonium salt is 
removed in the course of a few hours. A small aniQunt of brown 
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marij^aiiese oxide is formed during the process, by oxidation of 
the sulphide, but it floats on top of the liquid and is removed by 
the decantation. 

In order to diy tlie pref)aration, place the slime of manganous 
sulphide, after draining it as completely as possible, in a .‘100 c.c. 
flask, and heat it at 100° to 1.50° in a small oven while conducting 
hydrogen sulphide gas into the flask. Allow the dried sul- 
phide to cool in the atmosphere of hydrogen sulphide, for if the 
hot manganese sulphide comes in contact with air, it takes fire 
and burns. This spontaneous oxidation is sometimes observed 
with the green sulphide, even when cold. Instead of treating 
the precipitate of manganous sulphide as just directed, it may 
be drained rapidly on a large suction-filter, then washed with 
alcohol, and dried in a vacuum desiccator over sulphuric acid. 
Yield, nearly quantitative. 

58. Titanium Disulphide. 

1. From Titanium Tetrachloride, 

This {)roparHtioii furnishes an exaniplo of tlu* decomposition of a chloride 
by hydrogen sul()hido in the al)scncc of water (cf. p. (>1). 

The apparatus described in No. .53 is used (Fig. 17, p. 84), 
but instead of hydrogen, hydrogen sulphide is employed. It is 
first passed through a small wash-bottle containing glycerol, in 
order that the bubbles may l)e counted, and through two U-tubes 
containing calcium chloride to dry the gas. In the retort .50 g- 
of titanium chloride are ])lacod. 

First of all pass a rapid stream of hydrogen sulphide through 
the apparatus and heat the com])Ustion tube to dark redness; then 
heat the titanium chloride in the retort nearly to boiling, and keep 
it at that point by means (>f a small flame. The vapors of titanium 
tetrachloride charged with hydrogen sulphide are decomposed in 
the hot tube to TiS^. and IIFl: any unchanged titanium chloride 
that collects in the receiver is returned to the retort, again distilled, 
and the process repeated even a third time. The inlet tube for 
the hydrogen sulphide must not be too narrow^, or it may become 
stopped with titanium disulphide formed within the retort. When 
all of the titanium tetrachloride has reacted, withdraw the retort, 
and, in order to remove all traces of tetrachloride from the product, 
pass a current of hydrogen or of carbon dioxide through the tul:)e. 
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After allowing the tu))e to cool, remove its contents in the manner 
described in No. 53. A product is obtained which consists of 
about 10 g. of dark brass- 3 ^ellow leaflets similar to those of Mosaic 
gold. 

Analyze one sample for titanium bv roasting it in a porcelain 
crucible and weighing it as TiCX,; a second portion for sulphur by 
taking it up in aqua regia (or in the maimer descrilied below) and 
precipitating the highly diluted solution with liarium chloride. 

2. Frotn Titanium Dioxide. 

Titanium disulphide was first obtained by H. Uoso (1S2S) on condueting 
vapors of carbon disulphide over glowing (it.Mniuin dioxide. The theory of 
this method, which subs(‘(juently prove<l to be of iin])ortanee for tlu^ pr(*pa- 
ration of sulphides, is the same as th.-it of tin* pr(‘p;iration of chlorides 
from oxides and carbon tetrachloride (^'f. Introduction to No. p. SI). 

Lead a fairly strong current of hydrogen sulphide through a 
wash-bottle containing gljTcrol, a U-tube filled with calcium 
chloride, a wash-bottle containing carbon disulphide, and into a 
piece of combustion tubing in which has betai placed 4 to 5 grams 
of finely-powdered titanium dioxide (No. 52). Heat the contents 
of the tulie to a bright red lu^at by means of a j‘ow burner with an 
asbestos hood (Fig. 3). The vaporization of the carbon disulphide 
may be hastened by ]ilacing the wash-bottle in a beaker filled with 
lukeu-arm water. Do not heat the tube until the air has been 
completely expelled; during the heating revolve it a little on its 
axis from time to time in order that now portions of the dioxide 
may come to the surface. After about three hours the reaction 
is complete; allow the preparation to cool in the current of hydrogen 
sulphide. 

The titanium sulphide has the appearance of a brown powder, 
but on being pressed it assumes a dark-yellow, metallic luster. 
In the analysis, titanium may be determined by roasting, and 
sulphur either by .the method given above, or l)y heating the 
sample in a current of oxygen and collec^ting the gases evolved in 
amrnoniacal hydrogen peroxide or in bromine water, eventually 
making this solution acid and precipitating it with barium chloride. 
The results show a somewhat too high titanium value, and too low 
sulphur, because, when prepared in this wa}'^, the sulphide invari- 
ably contains some titanium dioxide. 



92 


NITRIDES. 


(d) Nitrides. 

59. Hydrogen Cyanide, Mercuric Cyanide, Cyanogen, and 
Dithio-oxamide. 

Carbon combines with nitrogen, absorbing heat, and forms the nitride, 
cyanogen : 

2 C + 2 N + 7100 cal. - CoN^. 

The endothermic nature of this substarice (cf. p. 47) accounts for the 
fonriation of cyanogen compounds in the blast furnace, and for its presence in 
the sun, as shown by the spectroscope. When cyanogen is once formed, its 
rate of decomposition at a lower temperature is so small that it may be 
prepared pure in an indirect manner from its compounds and prest^rved 
undecomposed; cf. No. 04, Acetylene, and No. 07, riydn)gen Peroxide. 

Free cyanogen gas which lias the formula (-^N.^ sliould not be confused with 
the monovalent radical CN. The radical (-N forms one of the most stable 
atomic groupings; it behave's in the same mamuT as the halogen atoms in 
halides, and it bears the same ndation to uncombined cyanogen as the chlorine 
ion, for example, bears to fn^e chlorine. 

For the preparation of cyanogen gas, hydrogen cyanide (hydrocyanic acid) 
is first prepamd by Wohler’s method of treating either sodium or potassium 
ferrocyanide with sulphuric acid. The hydnigen cyanide, together with the 
residues, is worked over into mercuric cyanide and the latti'r decomposed by 
heat. 

Htjdrogcn Cjianide from J^ota.s^lum F error i/af tide. Mercuric 
Ci/anide. 

2 KJFe(0N)e] -f 3 H,,S(),= 3 K.,SO, f K,re[Fe((;N)„] d- 6 HCN 
6 HCN d 3 HgO-3 IIg(CN),.-f 3 lU). 

Place a 400 to 500 e.e. flask on a Baho lioiling funnel, and 
through the cork, whicdi fits its neck tightly, piuss a delivery tube 
leading to a condenser; fit the hnver end of the condenser by means 
of another cork stopper into an adaptor that just dips into 
100 c.c. of water in the receiving flask. Introduee into the distill- 
ing flask 100 g. of coarsely ])roken potassium ferroeyanide and a 
cooled mixture of 70 g. concentrated sulphurie acid and 130 e.c.* 
.water. Distil until the residue in the flask consists of a thin 
white slime [^‘prussic aeid re.siduc,'^ K,Fe[Fe(CN')J (?)]. Set 
aside about 15 c.e. of the distillate. Dilute the remainder with 
water to a volume of 300 to 400 c.e. and add mereurie oxide (about 
75 grams), shaking well, until the solution no longer smells of 
hydrocyanic acid (Caution) and shows a neutral or barely alkaline 
reaction. Then pour in the reserved 15 c.c. of hydrocyanic acid 
and evaporate the solution under a good hood till it crystallizes. 
If necessary, purify the preparation by recrystallization. Almost 
the theoretical yield of 85 to 90 grams is obtained. 
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In this and the following work regard shoidd be paid to the extremely 
poisonous nature of hydrocyanic (prussic) acidj and the operations 
should be carried out binder a well-ventilated hood in the sjjecial room 
for noxious materials^ or in the open air. 

Working up of the Prussic Acid Residues. Wash the residue 
remaining in the distilling flask by decantation with water, and 
then heat it upon the water l)ath with about 100 grams of 2-normal 
nitric acid, which oxidizes it to a mass resembling Prussian blue; 
the substance so formed contains potassium and is known as 
Williamson’s Violet. Wash this pigment several times by decan- 
tation with water, suck it free from liquid on a hardened filter 
paper, and dry it in the hot closet. Yield, 40 grams. 

Mercuric cyanide (;an be prepared from Prussian blue or William- 
son’s violet by l)oiling the pigment with 2.25 times its own weight 
of mercuric oxide and forty times it.s weight of water.* After the 
blue color has disappeared, filter the solution and boil the turbid 
filtrate with more of the Prussian Idiic until no more of it is de- 
colorized and the solution reacts neutral. Add some animal 
cliarcoal, boil the solution again, filter, and finally evaporate to 
dryness. Recrvstallize the residue from water. 

Mercuric cyanide in aqueous solution is l)ut slightly dissociated 
eleotrolytically, and on this account it fails to give a precipitate 
when treated with either silver nitrate or with sodium hydroxide. 
For the same reason mercuric oxide will dissolve in solutions con- 
taining potassium cyanide, forming mercuric cyanide and potas- 
sium hydroxide; the experiment should be tried. 

Cjintwycn from Mercuric Cyanide. Heat about one gram of the 
mercuric cyanide strongly in a dry test-tube: cyanogen gas is 
evolved and burns with a yellowish-red flame, which is purple 
Jilt the etlges. 

Dithio-o.ramidc. 

(Cyanogen unit(^s witli orio or witli two inolociilcs c)r liydmgon sulphide: 
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Dithio-oxaiuidc is sometiinos fomied in qualitative analysis when hydrogen 
sulphide is f)assed into th(' solution containing potassium cyanide in the test 
for cadmium. 
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1. Saturate 100 g. of alcohol with hydrogen sulphide in a 
closed flask. Then conduct into the liquid some cyanogen gas, 
which is prepared by heating successively two portions of 10 g. 
each of mercuric cyanide in a test-tube fitted with a delivery 
tube. Finally, saturate the solution once more with hydrogen 
sulphide. After standing for some time a mass of small crystals 
is deposited; boil the mother-liquor with bone-black and evapo- 
rate the filtrate in order to obtain another crop of crystals. 
Recrystallize the product from alcohol, or from a mixture of 
acetone and chloroform. Yield, 3.5 to 4 g. 

2. Treat an aqueous solution of 25 g. copper vitriol with con- 
centrated ammonia until the precipitate, which first forms, just 
disappears; decolorize the liquid by the addition of a barely 
sufficient amount of potassium cyanide solution (about 20 g. 
KCN) and then saturate with hydrogen sulphide. The solution 
first becomes yellow, then it appears red, and fint lly a red, 
crystalline powder separates. After standing for several hours in 
the ice-chest, separate the crystals from the liquor and recrystal- 
lize them from a little alcohol. The yield is small (about 0.5 g. ) 
because in aqueous solution the greater part of the cyanogen is 
reduced to hydrocyanic acad. This is the reason for the use of 
alcohol ill the first method. 

(50. Boron Nitride, BN.' 

Heat an intimate mixture of 5 g. finely powdered, anhydrous 
borax and 10 g. ammonium chloride, as hot as possible with the 
blast lamp in a covered platinum crucible surrounded by a (day 
mantle. After cooling, pulverize the porous (contents of the 
crucible, and extract it several times with water containing a 
little hydrochloric acid. Boil the residue with pure water, collect 
it on a filter and dry it. Yield, about 0.3 g. Double this yield 
may l)e obtained if a long platinum crucible (^‘ finger crucible ”) 
is available, which is about 10.5 cm. high, 3 cm. wide at the top, 
and 1 cm. at the bottom. Place a layer of 1 g. ammonium chloride 
in the bottom, then add the same mixture as before. Suspend 
the crucible in an almovst horizontal position by means of two 
rings made of iron wire. Slip a piece of asbestos l)oard, with a 

* Cf. Stock aiid Holle, Bcr. 41, 209.0, ropardinp; the preparation of pure boron 
nitride. 
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hole of the proper size, a little way over the lower end of the 
crucible in order that this end may be kept cooler. Heat the 
middle part of the crucible to bright redness by means of a 
powerful burner, and finally, at the end of the process, heat the 
bottom with a Bunsen flame so that ammonium chloride vapor 
is driven through the glowing mass. The experiment is finished 
when all of the ammonium chloride has been volatilized. 

Boron nitride is insoluble in water and in acids; on being 
boiled with caustic soda solution, it decomposes slowly, evolving 
ammonia; it is attacked more rapidly ])y fusion with sodium 
carbonate on platinum foil. 

61. Magnesium Nitride, Mg 3 N 2 ; Ammonia from the Atmosphere. 

l^'ill a small iron (u-ucihle (3 cm. high and 5 cm. wide at the 
top) to two-thirds with 8 to 9 g. of magnesium powder, and make 
a tight joint with the cover by means of wet asl)estos pulp. 
Like\vise close with asbestos pulp a small hole which has been 
made in the cover. After drying, make a perforation in this last 
mass of asl)estos by means of a fine needle. Dry the crucible, 
with its contents, in the hot closet. 

Place the crucible in a hole made in a piece of heavy asbestos 
board, so that its greater part hangs below the asbestos, and 
direct the flame of a blast lamp sidewise against it. By this 
ai'rangement the flame gases are kept well away from tlie cover 
of the crucible. Turn the asl.)estos board with the crucible 
from time to time so that all sides are heated equally. Con- 
tinue the heating for 80 minutes. 

After cooling, remove the cover of the crucible and the upper 
layer of white magnesium oxide. Beneath the latter lies a liglit 
yellowish-green mass of nearly pure magnesium nitride, which is 
ol)tained to about 80% of the theoretical yield. If the heating is 
not continued long enough, dark places are found in the mass, 
caused by the presence of unchanged magnesium. 

Magnesium nitride reacts readily with water with the forma- 
tion of ammonia. To obtain the ammonia, place the whole con- 
tents of the crucible (without separating the oxide from the 
nitride) in a I’ound-bottomed flask which is provided with a 
separatory funnel and with a right-angled tube leading to a con- 
denser. Prolong the condenser wnth an adapter that just dips 
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into 1(X) c.c. bf ‘water in a small flask: tSWl ^the bvolCitian 
by placing it in a- dish ot cold water, and tfeen, at first ^^loWly. and 
later more rapidly, allow 75 c.c. of water ta drop ypon.ibe 
nitride. Finally, heat the contents of the flask with a sthall 
flame as long as ammonia continues to be evolved. Yield, 

4 g. of ammonia, as determined by titrating an aliquot part of 
the distillate with 0.5 normal acid. . » 

Calcium Nitride, Place a small shaving of metallic calcium 
on an inverted porcelain cover and set fire to it with a mafcch.. 
It burns with a light, yellowish-red flame, and both oxide and 
nitride are iorined. Moisten the white combustion' product 
with a few drops’ of water, and test with Nessler’s reagent for 
ammonia. •* 

The chemical reaction is the same for both the magnesium and 
calcium nitrides. A part of the metal serves to free the air of 
o.xygen, while the remainder combines with the nitrogen that is 
left. By the hydrolysis of the nitride, ammonia and the hydrox- 
’ ide of the rnetal are formed. The possibility of obtaining 
ammonia from the nitrogen of the air, with the intermediate for- 
mation of a nitride, w'as first pointed out by Wohler in 1850 
w'hen his method of preparing boron nitride was published. 

62. Chromium Nitride, CrN. 

Heat 5 to 10 g. of violets anhydrous chromium chloride (No. 44) 
in a 25 to 50 cm. tube of difficultly fusible glass, at first gently 
and then strongly with a row^ l)urner (Fig. 3). Meanw^hile pass 
through the tube a current of ammonia gas, which is obtained by 
heating a concentrated solution of ammonia and drying the gas 
successively in a lime-tow^cr and a U-tube containing lime. Leave 
the reaction tube entirely open at one end, since if an ordinary 
delivery tube is used to carry uway the waste gases, it soon becomes 
stopped with sublimed ammonium chloride. Carry out the 
experiment under the hood and continue the heating until no more 
vapors of ammonium chloride escape. .After cooling, pulveri’ze 
the reaction product and once more ignite it in an atmosphere of 
ammonia. Yield, nearly theoretical. 

Chromium nitride is very stable towards warm caustic sodiji 
solution, and hot concentrated sulphuric acid reacts with it but 
slowdy. To test its purity, boil a small sample with chlorine-free 
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‘^fUStic soda ^d t^st^ the solution obtained for chloride. If it is 
jji^it^d to remove traces of chromium Chloride from the'prepara- 
tioii, it niay +>0 ti:eated in the cold with dilute hydrochloric &cid and 

little tinfoil, then washed with water, drained, and dried at 110® 

/.to 120®. 

phromium nitride, on I^eing heated upon a. porcelain crucible 
•<^yor over the blast lamp, changes to dull, grayish-green chromic 
oxide. 

(^) Phosphides. 

63. Magnesium Phosphide, Mg 3 P 2 . 

f)raw out one end of a 35 cm. long combuslion tube so that its 
dianwter is 0,6 to 0.9 cm., and connect tliis end by a piece of 
rubber, tul)ing with two drying l)ottles and a Kipp hydrogen 
generator. Insert two porcelain boats into the tube, the one 
nearest to the source of hydrogen containing al)out five grams of 
red phosphorus and the other four grams of magnesium powder, 
yiie phosphorus must be perfectly dry (cf. p. tS8). Erect the 
apparatus under tiie hood. 

After filling the apparatus with hydrogen (Test!), heat the tube 
slightly through its entire length to expel moisture; then, while 
maintaining a steady current of hydrogen, heat both boats as 
equally as pos.sible by means of two Bunsen burners so that phos- 
phorus vapor is carried over the magnesium and a violent reaction 
^akes place. When all the j)ho.sphorus has volatilized, allow the 
contents of the tube to cool in the atmosphere of hydrogen. 

Magnesium phosphide when thrown into water is decomposed, 
and phosphine is set froti. This gas has a very offensive odor; it 
is combustible, but it does not, like the impure phosphine that is 
commonly prepared, take fire spontaneously. 

(/) Carbides. 

64. Calcium Carbide; Acetylene from Calcium Carbide; 

Benzene from Acetylene. 

Calcium Carbide. Heat 0.5 g. of lampblack strongly in a 
porcelain crucible for a few minutes; after it has cooled mix with 
if 0.5 g. of thin shavings of metallic calcium, and heat the mixture 
J 3 ti*bngly with the blast lamp for a few minutes. After cooling 
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there is found in addition to lampblack a sintered white mass 
which contains some calcium carbide; on testing it with water, 
acetylene is formed. 

Acetylene from Calcium Carbide, Allow water to drop slowly 
from a dropping funnel upon a few pieces of commercial calcium 
carbide in a half-liter flask. Pass the acetylene evolved through 
a solution of sodium plumbite in order to remove any hydrogen 
sulphide, and through an acid solution of copper sulphate to take 
out any phosphine. Acetylene burns with a brilliantly luminous 
and, unless in a special burner, very smoky flame. Before ignit- 
ing the gas it should be tested to see whether all the air has been 
removed from the apparatus. 

At the temperature of the electric arc, acetylene can he fonned from its 
elements with absorption of lieat. At a bright n^d heat it decomposes, but at 
lower tem[>eraturos, althougli it is likewise unstable, its rate of decomposition 
is extremely slow. ((\)mfjare with the similar relations which exist for 
cyanogen, \o. 59, and hydrogen ))en)xide, No. (>7.) 

At a dull red heat acetylem* polymerize.s to a considerable extent, forming 
benzene: 3 C\.IIa — The presence of benzene in coal-tar may be 

attributed to this reaction; irnleed, this supposition is sup})orted by the fact 
that the yield of benzene in the tar sinks if the temperature of the gas retorts 
is raised. 

Benzene from Acetylene. Prepare pure acetylene, as directed 
above, and pass a strong current of it for two hours through a 
glass tube that is heated to dull redness in a combustion furnace 
(the air must be expelled by acetylene before the tube is heated !>. 
Lead the products, escaping from the combustion tube, through a 
c.ondenser; in this way a few cubic centimeters of an oil having 
the odor of coal-tar are obtained. By distilling this product, 
a crude, colorless benzene is obtained which boils between 70° 
and 90°. For the further identification of this substance as ben- 
zene it may be converted into nitrobenzene, aniline, and then 
mauvein. Refer to a text-book on organic preparations, for ex- 
ample Gattermann, ^Tractical Methods of Organic Chemistry^' 
(translated by W. S. Shober). 



CHAPTER IV. 


COMPOUNDS CONTAINING A COMPLEX NEGATIVE 
COMPONENT. 

The modem conception of complex compounds arose from the necessity of 
classifying the compounds fomied by the union of two simple salts. Those 
composite salts which in aqueous solution are dissociated entirely into the 
simple salts, or their ions, are classed as double salts; those which, instead of 
dissociating into the simple salts, give characteristic ions of their own — for 
example, simple metal cations and composite metal-containing anions — are 
classed as complex salts: 

KMgCla - KCl )- MgTl, = f 4- 3 CT (double salt), 

KifUgl.l = K^+ [HglJ (complex salt). 

In such a complex compound, the composite part w'hich remains intact 
during dissociation is know’ii as a complex radical or complex ton ^ and may be 
regarded as the negative component of a now’ acid; sometimes indeed the cora- 
ph*x acid can be prepared in a free state, for example, hydroferroeyanic acid 
(No. 108). The individual constituents of a complex ion, since they are no4 
present in the fre(^ state*, do not show all the reactions which are characteristic 
of the simple ions; it is this reduct‘d ability of nu'tals contained in complex 
radicals to react, which forms the most important criterion of this class of 
compounds. 

The conception of complex compounds has, however, extended considerably 
beyond the range of these composite salts. In the first place, the distinction 
b(?tween double and complex salts is merely a (pialitative one. Transition 
forms arc known in w’hich tin* simple salts and their ions as well as the complex 
ions art^ found among the dissociation pnxlucts; the nature' and extent of the 
dissociation is also dependent to a marked degret* upon the nature of the solvent 
and ui)on the concentration. Again, no essential distinction can be draw’n 
betw’een the compounds with complex, metal-containing anions and those W’hich 
are formed by the addition of NII^, lIjO, NO,, etc., to the metal ion of a simple 
salt, and in which the metal-containing cation is complex and the activity of 
its constituents is restricted. Finally, certain binary substances, such as for 
example the oxifles, which themselves possess none of the characteristics of 
salts, can produce salts (or acids or bases) by uniting with one another. Thus 

^ It is a quite common practice to indicate complex ions in chemical for- 
mulas by enclosing them in brackets. 
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the ordinary oxygen-acids are formed by the union of water and acid anhy- 
dride, and the salts of the oxygen-acids by the union of metal oxide and 
non-metal oxide. Here also there are produced, quite in accord with the 
interpretation of complex salts, new ions, the separate constituents of which 
are incapable of entering into independent chemical reactions: 

H,0 ’+ SO 3 = Ho[SOJ, 

II,[SOJ«2ir + ISOJ~ 

Thus the sulphate radical docs not show the reactions of sulphur any more than 
the ferrocyanidc radical exhibits those of iron. 

Since manifestly every compound containii^g more than two elements can 
under certain conditions l3chave in such a manner as to indicate the grouping 
of two of its constituents into a complex, it appears more rational to include 
under complex comj)ou?ids all substances which are produced from simple com^ 
pounds hjj the addition of one or several elements; in most cases the complex 
radical behaves, like the hydnixyl group, as a unit, and can thus be treated as 
a substituent of an atom. 

Tlie most essential diftVrence between the complex and the simple com- 
pounds lies in the great variety of ways in which the former cat' react or dis- 
sociate, and this is more evident in proportion to the number of constituents. 
There is but one way in wdiich electrolytic and non-electrolytic divssociation can 
take place in simple compounds. With complex compounds, on the other 
hand, the point of division is usually not the same by the electrolytic as by the 
non-electrolytic dissociation : 

CaCOj ~ Ca^^ -I' COj ((‘lectrolytic dissociation).* 

C'at'Og — CaO 4- C'O^, (non-clectrolytic dissociation).' 

Non-electrolytic dissociation may be of very difT(‘rent type.s: 


KC103 

- Kci 4 0 

(Nos. 7i and 75). 

NaXOa 

- Na\(), -h 0 

(No. 79). 

Na,S,()3 

Xa^jSO^ i- S 

(N'o. 90). 

KPbL, 

== KI + Pbl, 

(.Vo. 105). 

Nii,ci 

- xn., 4. iici 

(No. 120). 


— XiHr^ 1' G XII3 

(.Vo. 128). 


Classificatiox of Complkx CtjMPouN'Ds. Of the various w^ays in which 
complex compounds can dissociate, the el(‘ct roly tic dissociation exceeds all others 
as regards frequency of occurrence. We may classify the complex compounds, 
therefore, as: 1. Those with a complex radical which yields an ion of negative 
charge (Cliapter IV); 2. Those wnth a complex radical w'hich yields an ion of 
positive charge (Cliapter V); ‘h Those characterized Viy very little or no 
capacity for electrolytic dissociation (Cliapter VI). 

' .\ccording to w'hether the one or the other possibility of dissociation is to 
be brought especially to notice, two methods of writing tlu.%name and symbol 
have been devised: COj • ('aO, “ car}x)nate of lime CaCOg, ** calcium car- 
bonate but it would be just as biased to defend the older name as being the 
only satisfeictory pne as it w'oiild be to reject it as “ unscientific.^' 
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Within the class of compounds possessing complex anions that sub-class 
will first be treated which comprises the compounds containing homogemoua 
complezes. Homogeneous complex anions arise, as the name implies, when one 
or more additional atoms of the same clement are joined to the negative con- 
stituent of a binary compound, 

K^S -H 3 S « K 2 S 4 . 

Homogeneous complex compounds can bo distinguisliod from simple com- 
pounds of the general fonnula Am Bn by the fact that the greater number of 
negative atoms is not due to an increased valence of the positive component, 
but rather to an increased combining power of the negative part originally 
present in the mother-substance. FeC4 differs from Fed 3 in the valence of 
the iron. Aqueous solutions of Fed. and Ked^ arc^ identical wuth regard to 
their anions hut different witli regard to the cations; in aqueous solutions of KI 
and KI 3 , however, the exact opposite is true. 

Homogeneous complex cations are not known. 

Tlie part played by the valence theory in the interprc'tation of complex 
compounds is varied. In some cases, as -with sulphuric acid, it offers certain 
advantages in its original form. In othiT cases an enlargement of our valence - 
ideas seems necessary (see Complex Halogen Salts, p. 139). 


COMPOUNDS WITH HOMOGENEOUS COMPLEXES, 

(a) Peroxides. 

65, Sodium Peroxide, 

Arrange a train of apparatus so that air may be drawn by 
means of ii suction pump through one wash-bottle containing 
sodium hydroxide and two more containing (‘oneentrated sul- 
phuric acid, and then into a wide, .30 eni. long, c‘oml)Ustion tube 
which is to l)e heated on a row ])urner with an asbestos cover 
(Fig. 3). The other end of the coinlnistion tube is made nar- 
rower and fitted to an air filter which serves to hold liack sodium 
peroxide dust. This filter consists of a 30 cm. long and 3 cm. 
wide glass tube loosely filled with asbestos fibers. Between 
the air filter and the pump, place an empty suction flask to serve 
as a safety bottle. Into tiie combustion tube introduce an 
aluminium boat, about 10 cm. long and as deep as possible, 
which can be prepared from thin aluminium foil; in the boat place 
2 to 3 g, of sodium. Since, during the progress of the’^experi- 
ment, the sodium will tend to flow in a direction opposite to 
that of the air current, the combustion tube together with the 
burner should be placed in a slanting position so that the end 
at which the air enters is uppermost. 
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Heat the sodium to above its melting-point and draw air over 
it; at about 300'^, it takes fire. Then lower the ilame, for 
from that point on the eombustion proceeds almost without any 
application of external heat. Continue to pass a vigorous cur- 
rent of air until the reaction has ceased. The yield is 4 to 5 g. 
of bright yellow sodium peroxide, which must be protected from 
moisture. 

66. Barium Peroxide. 

At a dull rod heat, dry barium oxide is changed by the oxygon of the air to 
barium peroxide. In carrying out the reaction, the air must l^e free from 
moisture and from carbon dioxide. Since the barium peroxide gives off its 
oxygon again at the same temperature and a reduced oxygen pressure, or at 
the same pressure and a higher temperature, a technical process for obtaining 
pure oxygen from the air according to the reversible reaction 

BaO + O BaO, 

has been de\'eloped. Barium oxide cannot be prepared conveniently from 
barium carbonate, at least not on a small scale, because the decomposition 
temperature of the latter lies too high. 

Crude Bari inn Peroxide. Place 130 g. of barium nitrate in a 
large clay crucible and heat it in a charcoal furnace with slowly 
rising temperature, to a dull red heat. After cooling break 
the hard, porous, gray contents of the crucible into small 
lumps and transfer it, V)cfore it can attract moisture, into a 
weighed combustion tube. Determine the quantity of barium 
oxide by weighing the tube and contents. Heat the tube in a 
combustion furnace to a barely percept il)Ie redness, and then 
draw through it a current of air which has passed through caustic 
soda solution and then through concentrated sulphuric acid. After 
two or three hours, let the tube cool and determine the gain in 
weight, which should be one-tenth the original weight of the 
barium oxide; if it is less, the preparation must be heated again 
in the current of air. 

Pure Barium Peroxide. Dissolve the barium peroxide, a 
little at a time, in the calculated amount of ico-(^old 1% hydro- 
chloric acid and add barium hydroxide solution to the cloudy 
lupud ifntil a precipitate consisting chiefly of metal hydroxides, 
which are present as impurities, just forms. Filter, and precipi- 
tate the filtrate completely with bari\im hydroxide, whereby a fine, 
crystalline powder of barium-peroxidc-hydrate, BaOo • 8 HoO, is 
formed. Drain the precipitate and dry it in the steam closet. 
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67. Hydrogen Peroxide. 

The oxidation of water to hydrogen peroxide takes place with absorption of 
heat; 

2 llfi (li(iuid) -I- Oa + 44,320 cal. = 2 (liquid). 

Hydrogen peroxide is thus ondothennic as regards its formation from water 
and oxygen. In accordance with the relation which exists between the equi- 
librium constants of the mass-action law and the temperature (cf. p. 47), it 
follows that the quantity of hydrogen peroxide* in an ccpiilibriiim mixture must 
increase with rise of temperature, and that therefore in order to obtain hydro- 
g(‘ii p(?roxide synthetically by the above r(*action it is necessary to work at as 
high a temperatuPf* as possible. Even at 2000° there is but little peroxide i)res- 
ent in the equilibrium mixture.' At low temperatures hydrogen peroxide is 
not stable at any appreciable concentration; in fact a liquid containing a high 
percentage of it is explosive. The velocity at which hydrogen peroxide decom- 
poses, when in the region of instability as regards temperature or concentration, 
increases (as does the velocity of all reactions) with rise of tempera- 
ture.’ If then it is desired to obtain the hydrogen peroxide produced by a 
reaction at a high temperature, it is necessary to cool the reaction products 
very rapidly to a point where the decomposition velocity is inappreciable. 
When thus chilled the hydn)gen peroxide continues to exist, as it were, in a 
supercooled condition. This end is accomplished, for example, when an oxy- 
hydrogen flame comes in direct contact with a piece of ice and thereby an 
extremely sudden drop in temperature is brought about. Cf. Cyanogen, 
No. 59, and Acetylene, No. 04. 

The principle of preserving the equilibrium concentrations, as they exist at 
high temperatures, by in(‘ans of sudden cooling was first introduced by Dcville 
in 1803 and applied in the construction of his hot and cold tubes.’' A nar- 
row silver tube cooled by running w'uter was placed in the center of a white-hot 
porcelain tube at the walls of which the gas-reaction to be measured reached its 
high-temperatum etpiilibrium; the reaction-products on coming in contact 
W'ith the inner tube wen* chilled, and thus prevented, partially at least, from 
undergoing the rcv(*rse n*action. In n'cent yeare many equilibria, in which 
concentrations of measurable magnitude are reached only at high tempera- 
tures, have been studied in this manner. The mixtures art* cooled, without 
BufTering change in concentration, to temperatures at which analytical meas- 
urements are possil)Ie. The qu.antitative preservation of the concentration 
fails, however, in the case of hydrf)gen peroxide on account of its great decom- 
position-velocity. 

The velocity of many reactions can be increased by means of catalyzers, as 
well as by rise of temperature. The decomposition of hydrogen peroxide, 
since it takes place with conveniently measurable rapidity at ordinary tem- 

' At 2000° according to Nernst (1903) loss than 1% HoOa exists in a mixture 
of water vapor and oxygen, each at 0.1 atmosphere pressure. 

’ In order to keep the temperature low' during the distillation of hydrogen 
peroxide, it is customaiy to work in a vacuum. 
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poratures, offers an excellent opportunity for studying!; tlu* effect of various 
catalyzers. In tliis way a remarkable analojjy betwinai or^fanie fiTinents and 
inorganic catalyzers has been diseoven'd. Of. No. 20. Hot solutions of hydro- 
gen per(.)xide are decomposed rapidly at the rough plact*s on })orcrlain or glass 
apparatus. 

A. Ihfdroijen Peroxide from the Oxi/-fn/dro(fen Fhvue, Let a 
hydrogen flame one-half centimeter long, burning from a glass 
tip, play against a piece of ice in a watch glass, until all the ice 
is melted. The presen(*e ()f hydrogen peroxide in th(‘ resulting 
liquid may be easily shown by means of a titanium solution 
(see p. S:^ ). 

B. Ifijdrogen Peroxide from Barium Peroxide, Add, little by 
little, some pulverized, crude bariiun peroxide* (No. 60) to a 
mixture of 0.6 of its weight of concentrated sulphuric acid and 
300 c.c. of water; the liquid must l)e kept cold by ice both 
inside and outside the vessel. Neutralize the excess of acid ‘with 
biM’ium carbonate, let the precipitate settle, filter, and distil the 
solution on the water bath. 

For the distillation use a liter round-bottomed flask with a 
stopper through which pass two glass tubes; one is quite narrow . 
and terminates below in a long, fine capillary and above in a*' 
rubber tube with a screw-cock. The* other tube leads from the 
flask to a long condenser; the lower end of the latter is fitted to 
a suction bottle which serves as a receiver. All parts of the 
apparatus must be clo.sed with tightly-fitting stoppers. Evacuate 
the apparatus, but alloTv a fine stream of air bubbles to flow con- 
tinuously from the capillary through the liquid in the flask, in 
order to avoid bumping; the rate of flow of this air current is' to 
be regulated by the screw-cock. Distil over about one-third of 
the contents of the flask and test the distillate for hydrogen per- 
oxide as described below; it should be practically piire water. 
Then empty the receiving bottle and distil ns before until all of 
the remaining liquid has pas.sed over. 

Qualitative Tests fnr Jlifdrogcn Peroxide. 

1. Titanium Sulphate Test (cf. p. <S.3). 

2. Chromic Acid Test: To a few c.c. of a chromate solution 
weakly acidified with sulphuric acid, add a few drops of hydrogen 

The use of barium peroxide hydrate ha.s also been recommended. 



HYDROGEN PEROXIDE. 


105 


peroxide, and* then shake with about 1 c.c. of ether; an intensely 
blu<* conipound of chroniiuni Is formed which is mPrc soluble 
in ether than in water and passes, therefore, into the ether layer. 

3. A verij dilute solution of potassium iodide on being treated 
with a small amount of hydrogen peroxide slowly turns yellow (or 
blue if starch is also added) as a result of the separation of iodine. 
This reaction is catalytically accelerated, somewhat by acetic acid, 
more by mineral acids, and most of all by hirrous sulphate. 

Quantitative Determination of Ififdrogen Peroxide. Dilute 
10 c.c. of the preparation to a})out 300 c.c., acidify strongly with 
sulj)huric acid, and titrate with potassium permanganate: 
2KMnO, 4- 3 + 2MnSO, 4 8H,0 + 50.,. 

1 c.c. of 0.1-normal KMn ()4 solution = 0.0017 g. ILO^. 

C. Hydrogen Peroxide as a By-product in Slotv Atmospheric 
Oxidations. 

Schoenbein, in IStVl, CKtablishcd the fact that hydrogen peroxide isproducied 
when metals, or their amalgams, are shaken with waUT containing dissolved 
oxygen: 

Zn 4 2 HaO 4 Oj =* ZnCOH)^ 4 l^O^. 

It was shown by M. Traube,^ in 1893, that the formation of hydrogen per- 
*bxide according to the equation becomes quantitative if the reaction is allowed 
to take place in the presence of. calcium hydroxide, for then the peroxide is 
precipitated as the difficultly soluble calcium peroxide and is thus withdrawn 
from the sphere of action. 

Such an oxidation in which twice as much oxygen is used as is necessary for 
the primary process itself, the other half of the oxygen being used in some 
secondary reaction — mostly in the fonnation of hydrogen peroxide — is of 
{roquent occurrence both in organic and inorganic chemistry and is known as 
“ auW-oxidation.^’ Iniisinuch as both the primary anil secondary reactions 
reijuire the same quantity of oxygen and .since they do not take place inde- 
pendently of one another, — hyilrogen pen)xido is not formed at ordinaiy tem- 
peratures from water and oxygen (sec alx)ve), — it is n(*C(*ssary to assume the 
existence of some peculiar fonn of reaction-mechaiiism. Views rcganling this, 
however, dilTer widely; for example, the hyilrogen peroxide may be regarded 
as a decomposition product of some higher oxide, such as zinc j)eroxide, which 
is formed in tile primary reaction; or it maybe assuined with Traulxi that a 
dissociation of the water molecules takes place, the hydn)xyl groups combining 
with the metal and the hydn)gen atoms combining with undissociated oxygen 
molecules. 

Place 200 c.c. of water, G g. of .slacked lime, 2.5 g. of potas- 
sium hydroxide, aud 30 g. of mercury in a thick-walled liter 


1 Ber. 26, 1471 (1893). 
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flask. Amalgamate the surface of about 0.5 g. of zinc turnings 
by treating with a solution of mercuric chloride, and then add 
the zinc a little at a time to the contents of the flask. (3n 
shaking vigorously, the zinc dissolves completely in the mercury 
and then l^ecomes oxidized according to the ecpiation given 
above. To show the presence of hydrogen peroxide, treat 
samples of the resulting turbid liquid with an acidilied iodide- 
starch solution containing a drop of ferrous sulphate, or with a 
titanium sulphate solution. 

(f) ) Pob/sulph { (h'S . 

68, Ammonium Pentasulphidc, (NHJ.S-. 

The sulphur which is hotiiul directly to the nu'tal iii nu'tallic sulphides is 
cafuible of taking on more sulphur to form polysulphides (Ih‘r/(‘lius). Ylio 
ailditional hinding power of the sulphur seems to be influenced to a high d(‘gree 
by the metal witli which it is combined Polysulphides of tlie alkali metals 
are numerous and well known, as are also many of the alkaline earth group; 
hut for the heavy m(‘lals either noia* exist or they play, at most, a subor- 
dinate role. Polysulphides of th<* alkali imdals can be o})tain('d by fusion 
(sulphur livers), those of ca*sium and mhidium with tlu' general formula 
M ,S,,, in which u — 2, .‘h 4, 5, and b, having been idcadified; ’ polysulphidt's can 
also be fonned by dissolving sulphur in solutions of the mo!iosulj)hidcs aiul 
thereupon rrj\stallizing or precipitating the product. (See below.) Of the 
polysulphide solutions, those of the tetrasulphides w'ith the ion are 

cs])ecially stable,^ Besides the types aln'ady mentioned, other polys\d|)hide3 
have lx*en obtained under varying conditions from such solutions, but the 
individuality of some of them is doubtful. 

Saturate 50 c.c. of concentrated ammonia solution with hydro- 
gen sulphide in a closed flask, add another 50 c.c. of the ammonia, 
and then dissolve in this mixture as much roll sulphur as^ pos- 
sible (about 50 g.) at 80® to 40®. Filter off the excess of sulphur 
and to the yellow solution in an Erlcnmeyer flask add an equal 
volume of 95 9^, alcohol. After the solution has stood over night 
in the ice-chest, an abundant cry.stallization of intensely yellow 
needles of ammonium pentasulphidc is obtained. Drain the crys- 
tals, wash them with alcohol and ether and allow them to dry for 
a day in a vacuum desiccator over quicklime upon which a few 
drops of concentrated ammonia have been poured. The yield is 

* W. Blitz and Wilke-Docrfurt, Ber. 38 , 123 (1905); Z. anorg. Chem. 48 , 
297; 60, 67 (190G). 

» Klistcr, Z. anorg. Chem. 43 . 53 (1904); 44 , 431 (1905). 
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about 40 g. On long standing, the crystals become lighter colored, 
due to decomposition. Determinations of ammonia and sulphur 
confirm the above formula. 

(c ) Pol !f halides. 

Polysulphidos and polyhalides are very closely related. The latter likewise 
occur chi(‘fly as salts of the alkali and alkaline eartli metals and as the free 
lialo^c'n acids. The stability of the compounds increases verj^ rapidly in the 
series of the alkali mc'tals with the incr(‘ase in tlic! atorr)ic wei^ijht of the metal. 
From ciesium and rubidium a large number of both simple and mixed polyha- 
lides of the typeMJla*, and Mllar fJIa = FI, Fir, or 1) have* been o])tained. As 
H'gards the stability of its polyhalogen compounds, ammonium comes next to 
th(* liiglier alkali metals; still mor(‘ stable are the substittiUd ammonium salts, 
namoly, the j)olyhali<l<‘s of the complicated alkaloids, such as coniin, nicotin, 
ntro])in, narkotin, and of the diazoTiium salts. 


69. Ammonium Tribromido, NII^ [BrJ. 

Add 8 g. of bromine ^ to a lukewarm solution of 10 g. ammonium 
bromide in 12 g. of water, whereupon the temperature of the 
mixture rises a little. Allow the solution to stand over sul- 
phuric acid in a vacuum desiccator which, if possible, should be 
placed in an ice-cJiest. Prisnnitic crystals, or lamellar aggre- 
gates, of the color of potassium pyroehromate separate from the 
solution which still contains free bromine. After one or tw^o days 
drain fhe crystals and dry them in a vacuum desiccator con- 
taining a small dish of bromine in addition to sulphuric acid (the 
preparation w’ould lose bromine to an atmosphere free from that 
element). The yield is about 10 g. Analyze the product ^as 

' This is only half the calculated amount. The use of more bromine does 
not improve the yield. 

* Ammonium bromide may be prepared either by the neutralization of* 
hydrobromic acid (No. 35 ) with ammonia or by the action of bromine on 
ammonia. Acconiing to the latter method, allow 13 g. bromine to flow drop 
by drop from a dropping-funnel into 130 c.c. of 2-nonnal ammonia in a flask, 
which is surrounded by ice and is constantly shaken. 

8 NH 3 + 3 Br., - () xNlI.Br + N^. 

Evaporate the solution on the water bath, and if desired powder the residue 
and dry it in the steam closet. The salt may be purified by recrystallization. 
Dissolve it in its own weight of boiling water, cool the solution with ice, and add 
an equal volume of alcohol ; recover the rest of the salt from the mother-liquor 
by evaporating and crystallizing in a similar manner. 



108 


L.\W OF DISTRIBUTION. 


follows: First dissolve a sample of about 0.25 g. in a solution 
of potassium iodide and titrate with 0.1-normaI thiosulphate; 
serond. expose about 0.25 g. to the air in a moderately warm 
pla(*e until it has become colorless, and weigh the residue of 
ammonium bromide which is left. 

On dissolving the tribromidc in water, free bromine separates 
in considerable quantity and one molecule of lb-., can be com- 
pletely removed by shaking the solution with car))on bisulphide, 
or chloroform. 

70 . law of Distribution; Proof of the Existence of Potassium 
Tribromide and Potassium Tri-iodide. 

A. Lair of Distribution. 

If to two non“niiscil)lo solvent.'^ stiindin^ in contact with ono anotlior, a third 
suhstancc is adcl('d which is solul)le in hotli, tho ratio of th(^ concentration^ 
of this substance in the two solvents after e<juilibriiirn has been established, 
i.c., the distribution co<*fficiont. will Ik* constant for a driven temperature pro- 
videil the solute has the same molecular weight in both solutions: 

If the dissolved substance exists in one of the two solvents in a disso- 
ciated or associated condition, the <listribution law holds only for the same 
sort of molecular aggregate in both solvents. This fact finds expression in 

c " 

the formula in such a way that now the ratio remains constant if w, 

and /?2 «arc the number of simple molecules associating to give the prevalent 
form of molecules in the respective .solutions. 

I. Dissolve about 4 g. of succinic acid in 200 c.c. of water, 
t>hake the solution with 50 c.c. of ether in a 500 (‘.c. separatory 
funnel, allow the two liquids to separate, and titrate 10 e.c. from 
both layers with O.l-normal sodium hydroxide, using phenolphtha- 
lein a.s an indicator. To what is left in the separatory funnel add 
about 100 c.c. of water and some ether, shake thoroughly again, 
and titrate portions of 20 c.c. ejich from both layers. .Again add 
50 c.c. of water and half a.s much ether, and determine the eoneen- 
tratioris in 20 c.c. ])ortions. Finally add 100 c.c. of water and 
this time titrate 40 c.c. ])()rtions. The four distribution coetlicients 

' ( onccatration the amount of sul)stance contained in a unit of volume, 

. yn 
I.C., • 

V 
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calculated from the data obtained sliould l>e practically equal. 
Succinic acid is about six times as soluble in water as in ether. 

II. Dissolve 10 of benzoic acid in a mixture of 100 g. of 
wat(‘r and 100 g. of benzene; shake a little longer after it is all 
dissolved until the disi ril)ution equilibrium is reached, and titrate 
10 c.c. from each layer. Add oO c.c. of water and again shake 
vigorously, repeating this several times in succession and titrating 
botli layers after each addition. Nearly constant values are 
obtained in this experiment if the solubility in water is divided 
each time by the s<juare root of the solulnlity in benzene; tiie 
molecular weight of benzoic acid dissolved in benzene is nearly 
twice as large as in water. 


P>. Proof of the Existence of Potassium Trihromide in Aqueous 
Solution. 

Prominc (lissol\<‘s more freely in a potas.sium bromide solution than in 
water, this l)eing due to the formation of the potassium salt of the complex 
hrom-hydrohromic acid, K [HrBrx]. 1'he .salt luis never been obtained in a 
solid form suitabh' for analysis; but its composition can be d(‘rived, with 
the ai<l of the mass-action law and the law of distribution, by findini; which 
of the assumf)tions, x -2, x — 4, etc., leads to conclusions ajrreein^; with 
th(‘ facts found experimentally, (’alcul.ating first on the basis of the C(mi- 
plev ion Rr.,~ (i.e., x 2), this ion would be partially broken down in solution 
into simple bromine ions and free bromine: 

Br^" ^ Br”” 4- Br.. 

l'\)r the state of capiilihrium, the mass-action law gives: 

[Br-1 [BrJ _ 

• [Br,-r" 

The three concentrations which are in e(iuilibrium according to the above 
ccjuation may be det(*rmined by preparing a roncentrate<l solution of bro- 
mine in carbon bisulphide and sh.aking one portion of it with water, and a 
second j)ortion with a pota.ssium bromide solution of known molecular con- 
centration,' A. In each ex[)criment the molecular (juaiitities of bromine, 
1) and li, which pass into the ;u|ueou.s layer are determijie«l ; the excess of 
bromine in the second case is euual to that combii\ed in the complex: thus, 
[Br, 1 li I). 

Furthermore, [Br.] - D; according to the <listribution law, the amount 
of free bromine existing in the pota.ssium bnnnitle solution, as well as that 

' 'Fhe molecular concentration is* the amount of substance dissolved in. 
one liter divided by its molecular weight. 
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existing in the pure water, is dcterniiiicd solely by the concentration of 
bromine in the carbon bisulphide layer. 

Finally, [Br~] A — (B — />), i.e., the o<iuilibrium concentration of 
bromine ions is equal to the difference between the original concentration 
of the bromine ions and that of the part which forms the complex. By 
inserting these values in the mass-action ecjuation, we obtain: 

r)[A -(/?-/»] 

B - 1) 

Mix ono volume of bromiiio with four v'olumes of carbon bisul- 
phide and add 5 c.c. of the mixture to each of six 50 c.e. glass- 
stoppered bottles; add about liO c.c. of water to each of two of 
the bottles, and to the other four add ecpial volumes of potassium 
bromide solution of the following normal concentrations: 

^==1/1; 1/2; 1/4; 1/8. 

Establish equilibrium between the layei*s by shaking vigorously 
for a long time; place the bottles in water at room temperature, 
and give them an occasional lateral motion in order to make the 
drops of carbon bisulphide solution floating on the surface sink. 
After about an hour, when the aqueous layer has become entireh/ 
clear, pipette off 10 c.c. from each bottle, and after adding potas- 
sium iodide, titrate with 0.1-normal thiosulphate to disappear- 
ance of color. In this way the concentrations B and D are 
obtained. Substitute these values, as well as the corresponding 
values of A, in the rnas.s-law equation and .see whether K remains 
constant throughout the experiment. If this is the case, it proves 
the e.xistence of the compound KBrg. It is a good plan to make 
the assumption, by way of a check, that more than one molecule 
of bromine combines with the pota.ssiuni bromide in the formation 
of the complex, to sul)stitute the values in the corresponding 
mass-law equation, and to compare the values of K thus ol)tained. 

C. Proof of the Exiatence of Potassiiun Tri^iodidc in Aqueous 
Solution. The method of proof is the same here as in the above 
ca.se. Place a few grains of finely powdered iodine in each of 
seven bottles, and add 250 c.c. )f water to the first, 250 c.c. of 
yjg normal KI to the second, 250 c.c. of normal KI to the 
third, 150 c.c. of normal KI to the fourth, 150 c.c. of normal 
KI to the fifth, 75 c.c. of J normal KI to the sixth, and 75 c.c. of 
1 normal KI to the seventh. The concentration of these solutions 
must be accurately known, but the amount taken need only be 



SODIUM IIYDRAZOATE. 


Ill 


roii^!:hIy measured. Shake the seven bottles in a shaking-machine 
for about ten hours at as constant a temperature as possible. Let 
settk*^ and titrate 100 c.c. of the clear solution from each of bottles 
1, 2, and .‘L witli thiosul])liato; 50 c.c.. each from l)ottles 4 and 5; 
25 c.c. from bottle 0; and 20 c.c. from bottle 7. Fi-oni these 
results the mnlvcaUtr (?oncentralK)ns of iodine, I) ami 7^, are 
obtained; the value of .1 is the original concentration of the 
potassium iodide solution used. If these values are introduced 
in the above mass-law equation, a constant value for K should be 
ol)tained, which at 20° is about 0.0013. 

J^xperiments with more concentrated potassium iodide solutions 
show an increase in the values of the constant; this indicates the 
presence of higher poly-iodides. 

71. Rubidium Iodide Tetrachloride, RbilCU; Rubidium 

TrModide, Rbla. 

Dissolve 2.5 g. of rubidium chloride in 7.5 c.c. of water and 
suspend 2.7 g. of iodine in the solution. On passing chlorine into 
this mixture large, beautiful, orange-red crystals of rubidium 
iodide tetrachloride are ol)tained. The iodine dissolves during 
the action with a slight liberation of heat, and later the new salt 
separates in large plates which increase in quantity after several 
houm standing in the ice-chest. Drain the crystals without wash- 
ing and allow them to dry for an hour in a vacuum desiccator over 
sulphuric acid. Too long drying causes decomposition. Yield 
about 5 g. 

Rubidium Tri-iodide, Rhl^, is obtained l\y crystallization from 
a warm solution of iodine in rubidium iodide. Neutralize a 
solution of 2.5 g, of rubidium hydroxide in 3 g. of water with 
concentrated hydriodic acid, add 6.2 g. of iodine, and heat until 
solution is complete. On cooling, the salt .separates in crystals 
resembling iodine. Treat them as in the preceding preparation. 

((/) Pol nn Hr ides. 

72. Sodium Hydrazoate XaNs, from Sodamide NaNH^. 

Sodamide reacts with nitrous oxide to form sodium hydrazoate, the salt 
of hydriizoic acid, UNgi from an aqueous solution of sodium hydrazoate, 
silver nitrate precipitates the difficultly soluble silver salt, a substance which 
like the pure hydrazoic acid is extremely explosive. Hydrazoic acid, or azoi- 
mide, was discovered by Curtins in 1890; the method oi preparation given 
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below was devised by W. Wialiccnus, in 1802. The relationship between 
hydrazoic acid, iodo-hydriodic and brom-hydrobromic acids was pointed out 
by Hantzsch in 1805, as well as by others. 

Sodamide, Place an aluniiriiiun boat containing al)out 3 g. of 
sodium (cf. Sodium Peroxide, No. 65) in a combustion tube; 
support the tube on a row burner and heat the sodium to 300-400® 
in a current of dry ammonia. Generate this gas by heating 
100 c.e. of con(‘entrated ammonia solution and dry it l:)y passing 
tlirough a tube containing soda-lime. Hydrogen escapes from 
the end of the comlnistion tube together with the excess of 
ammonia, and the mixture can be made to burn. Sodamide, 
must be preserved in a well-stoppered bottle. 

Sodium U udmzoatc . Place a porcelain boat containing 0.5 g. 
sodamide in a combustion tube which is iiudoscd in an asbestos 
chamber (sec p. 3). Prepare nitrous oxide by heating 10 g. of 
ammonium nitrate in a small flask: dry the gas by passing it 
through a calcium chloride tul)e, and condiud it over the sodamide. 
Then heat the combustion tube to 250® until the reaction is finished, 
after which no more ammonia can be detected on testing the escap- 
ing gases with moist litmus i>aper. 

NaNH, + NX) - NaN 3 4 II, ,0, 

NaNIL + H,0 - NaOII X NHg. 

Silver Jljfdrazoatc. Dissolve the sodium hydrazoate in 10 c.c. df 
water; a })ortion of the solution, when treated with a little ferric 
chloride, gives a deep brownish-red color. Acidify another and 
very small ])ortion of the solution with nitric acid, add silver 
nitrate, collect the precipitate on a filter, wash it with watef, 
alcohol and then ether, and while the filter is still moist with ether, 
tear it into several small pieces. After drying in the air the 
small amounts of the preparation adhering to the bits of paper will 
explode violently when heated or struck. It is very dangerous to 
prepare any larger amount of silver hydrazoate than that indicated. 

Another simi)le method for obtaining silver hydrazoate is given 
by SabanejefT. Heat gently 1 .5 g. of hydrazine sulphate (No. 122) 
with 4 c.c. of nitric acid, sj). gr. 1 .3, in a test-tube which is provided 
with a gas exit tube bent at right angles. Pa.ss the escaping gas 
into a little silver nitrate solution in a second test-tube; silver 
liydrazoate is obtained in the form of a white, curdy precipitate. 
Filtei'^ and test the salt as before, but do not preserve it. 
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OXYACIDS AM> THEIR SALTSb 

(a) Cjianates. 


73. Potassium Cyanatc; Urea from Ammonium Cyanate. 


The cyanates, i.c. the salts of cyanic acid, are produced by the addition 
of oxygen to the cyanides: 

K(/N -f () - KC’NO. 


With regard to tli. 
yiulas: 

I. 


constitution of cyanic acid there are two possible for- 
N— II 




II. 


o 




oil 


but which of these correctly shows the structure of the free acid and of its 
salts has not been definitely determined; it is quite possible that both forms 
exist in the presence of one another. 

Similarljt two possible formulas may be written for hypochlorous acid: 


1. 


C\ 




II. 


Cl. 


\ 


OH 


The potassium cyanide used in the preparation of the cyanate is formed, 
'together with a little cyanate, by heating potassium ferrocyanide wdth an 
alkali : ♦ 

K,[Fe(('N),.] + K,0 - Fc + KCNO -f KCx\. 

In the presence of an oxidizing agent (CrO;,) the cyanide is oxidized to 
cyanatc. 

Dehydrate 130 g. of coarsely l)roken potassium ferrocyanide by 
stirring it in a shallow iron dish over a rather low Fletcher burner 
flame. When no more dark yellow particles can be detected in 
the lumps, grind the mass to a fine powder and remove the last 
traces of moisture by reheating. While still warm, triturate 100 g. 
of the powder thus obtained with 75 g. of potassium pyrochromate 
which has been dried by being melted. Heat the mixture in the 
iron dish already used, whereupon the reaction will begin in spots 
and spread with incandescence throughout the mass. Pulverize 
the loose black product while still warm, cover it in a flask with a 
warm mixture of 450 c.c. 80 % ethyl alcohol and 50 c.c. of methyl 
alcohoi and boil it with a return condenser on the water bath for 
two minutes. Decant the hot solution through a plaited filter into 
a beaker, which is cooled with ice, and allow the salt to crystallize 
while stirring. Using the mother-liquor from this crystallization 
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as a solvent, extract the black mass again in the same manner as 
before ; filter, and repeat the extraction three or four times. Collect 
all of the cyanate crystals on the same suction filter, and after 
"washing with ether, dry them in a vacuum desiccator over sul- 
phuric acid. Yield, 30-40 grams. The product may be used in 
the preparation of urea, or of semicarbazid, No. 123. 

Urea from Ammonium Cfiamite. 

Ammonium cyanate when heated in aqueous solution undergoes a trans- 
formation into urea (Wohler, 1S2S). 

NH,CNO - COCNIIo).,. 

To carry out this classic reaction, evaporate a solution of 8.1 g. 
potassium cyanate and S.O g. ammonium nitrate to dryness on the 
water bath. Boil the powdered residue in a flask twi ;e with alco- 
hol, and concentrate the extract until a crystallization in fine, long 
needles is obtained. Yield, about 5 g. 

Heat a pinch of dry urea in a test-tube until it just melts, and 
keep it at this temperature for about a minute; ammonia escapes. 
Dissolve the residue in a little water and add a drop of copper sul- 
phate solution and some sodium hydroxide, whereupon a rose- 
violet coloration appears; this is the so-called biuret reaction, 

{})) Oxff^halogrn Acids. 

74. Electrolytic Production of Sodium Hypochlorite and Potassium 

Chlorate. 

Sexhum hydroxide aii<l chlorine react in cold, a(|ueous solution, forming 
Bodiimi hypochlorite, sodium chloride and water. 

2 NaOH + Cl - Na(;i } NaClO -f II/). 

As soon as chlorine is present in excess, it reacts to produce free hypochlo- 
rous acid, 

HOU -f- CL - nOC\ + HCl; 

and the latter being a much stronger oxidizing agent than sodium hypochlo- 
rite, or the hypochlorite ion, it oxidizes chlorite and hypochlorite ions into 
chlorate ions: 

2 HCIO + CIO- - C\0 - + 2 HCl, 
a HCIO + C\~- = CAO.- + HCl. 

Heating accelerates these reactions. 

The raw materials necessary for these experiments can be prepared more 
conveniently by the electrolysis of alkali chloride solution than by purely 
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chemical means. At the anode, chlorine is the primary product; sodium 
is the primary product at the cathode, but it immediately decomposes water 
to give sodium hydroxide and hydrogen. The products formed at the elec- 
trodes react together in the manner shown above when they are allowed 
to mix by diffusion. 

The process as outlined above is, however, interfered with somewhat by 
the progress of certain secondary reactions. First, the hydrogen produced 
at the cathode reduces the hypochlorite, and to some extent the chlorate, 
to chloride. Since only the discharged hydrogen atoms, which have not 
yet combined to form molecules, cause the reduction, it is advantageous 
to restrict the formation of hydrogen to as small an area as possible; by 
this means the formation and escape of gaaeous hydrogen is favored. In 
other words, the current density at the cathode must be kept high. To 
further avoid cathodic reduction, the deposition of a thin skin — a “dia- 
phragm” — of hydrated chromic oxide on the metal of the cathode works 
excellently; this can be most .simply accomplished by the electrolytic reduc- 
tion of a little alkali chromate which is added to the electrolyte. 

Second, the C10~ and ClOg" ions, that are formed in the process, carry a 
part of the current, and when they become discharged at the anode, they 
th(‘n react with water to form the free acids and oxygen. The current which 
serves to discharge these ions is, therefore, w%‘isted. The loss can be lessened 
by using a high anodic current density. 

Hoth of these secondary reactions become more pronounced as the elec- 
trolysis progresses, i.e., as the concentration of the chlorate or the hypochlo- 
rate becomes greater. This explains why the yield for a given amount 
of current gradually grows less with a long-continued electrolysis. 

Sodium H ypachlorite. A. The arrangement of the electrical 
connections, the external resistance, and the measuring instru- 
ments is that described in No. 14 (cf. Fig. 9). Place the beaker 
containing the electrolyte, which is a solution of 88 g. of sodium 
chloride in 500 c.c. of water (3-normal), inside a larger beaker 
containing ice water. For electrodes use two sheets of platinum 
of known area, c,[/., 30 sq. cm. The current density should be the 
same at the anode as at the cathode and about 15 amperes per 
100 sq. cm. of electrode surface (considering only one side of the 
electrodes, since it is chiefly betw^een the inside surfaces that the 
current passes). The current strength holds fairly constant and 
does not need to be regulated much by changing the resistance. 
The minimum potential necessary for the electrolysis of a nor- 
mal 'sodium chloride solution is 2.3 volts, but for obtaining the 
desired current density at least 6 volts will be required. The 
temperature of the electrolyte should not be allowed to exceed 
20°. Follow the extent of the hypochlorite formation by an 
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analysis every 10 to 20 "minutes. For this purpose, remove 15 c.c. 
of the electrolyte with a pipette, let it stand in a beaker a short 
time until the gas bubbles have escaped, and then pipette 10 c.c. 
of it into a solution of potassium iodide which is slightly acid with 
hydrochloric acid. Titrate the iodine set free with 0.1-nornial 
thiosulphate solution, and from the amount required calculate 
»the entire amount of hypochlorite present in the whole solution. 
To determine the current yield, ‘find the total number of ampere- 
seconds used at the time of taking the samples, then calculate 
from this the theoretical yield, on the basis that 96,540 amperes 
flowing for one second would set free one equivalent each of 
sodium and of chlorine and thus produce one-half mol. of NaClO. 
The observed data and the calculated values can be arranged 
advantageously in a table as follows: 


Time 
in Min> 

utes. 

1 Volume 
in c.c. 

Temper- 

ature. 

Amperes. 

Theoretical 
Yield in 
Grams. 

c.c. 

Na,S..Oa 

Used. 

Actual 
Yield in 
Grams. 

Current 

Yield. 

0 

500 

10 

6. 

0 

0 

0 

0 

10 

1 500 

11 

6.6 

— 

— 

— 

— 

20 

500 

13 

6.3 

2.91 

12.6 

2.34 

80.4% 

40 

485 

18 

6.2 

2.89 

19.8 

1.30 

45.0% 


Continue the electrolysis until the current yield falls l)elow 
30%, which may lake a])out an hour, and calculate, from the last 
titration showing a yield better than 30%, the number of grams 
of ‘‘ active chlorine in a liter of the solution (7 to 9 g.). 

11. Repeat the above experiment, using again 500 c.c. of 3-normal 
sodium chloride as the electrolyte, but adding to it 2.5 g. of 
neutral sodium chromate. Before titrating with sodium thio- 
sulphate, acidify strongly and dilute well, in order that the ci^^ior 
of the chromate may not interfere with the end-point. From the 
total volume of thiosulphate used deduct the anount which 
corresponds to the iodine set free by the chromate. The current 
yield is now much better, on account of the addition the^ chro- 
mate, and remains al)ove 30% for a longer time; the t#tal yield of 
active chloriije, computed as above, now anvunts to from 
14 to 16 g. per liter. 

^ Compare the data in No. 14 . 
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C. If experiment A is repeated without cooling the'‘ solution, 
the current yield falls very rapidly to below 30%, and the quantity 
of active chlorine produced before this point is reached amounts 
to only about 5 or 6 g. per liter. 

Test qualitatively the bleaching action of the hypochlorite 
solutions obtained by adding a little to some indigo solution. 

' Potassium Chlorate. As electrolyte use a solution containing 
100 g. of potass* an chloride and 1 g. of potassium pyrochromate 
in 250 c.c. of water. Use a 600 c.c. beaker for the electrolyzing 
vessel, and cover it with the two halves of a divided watch glass. 
The electrodes should be, as before, of sheet platinum. Maintain 
at the anode a current density of 20 amperes per 100 sq. cm. and at 
the cathode a higher density. Keep the temperature at 40-60®, 
using a small flame if necessary to add to the heating effect of the 
current. A source of current at from 6 to 10 volts will suffice to 
maintain tlic ne(*essary potential. Pass a slow stream of carbon 
dioxide continuously into the solution between the electrodes. To 
obtain a good yield, about 60 ampere-hours are required; thus 
for an anode surface (one side) of 25 sq. cm. the experiment must 
be continued 14 hours. If necessary it is permissible to inter- 
rupt the electrolysis. Occasionally replace the water lost by 
evaporation. 

A little potassium chlorate crystallizes out during the ele’ctrol}^- 
sis, but the main part is obtained after cooling; drain the crystals 
with suction and wash with a little cold water. To determine the 
entire yield of chlorate, dilute the mother-liquor to 500 c.c. and 
titrate a part of it with ferrous sulphate: boil 10 c.c. of the solution 
in a flask in order to drive out the free chlorine, replace the air by 
means of carbon dioxide, and after cooling add 50-70 c.c. of a 
0.1-normal ferrous ammonium sulphate solution acidified with 
sulphuric acid. Close the flask with a Bunsen valve and boil the 
solution ten minutes. After cooling, dilute the liquid to twice its 
volume, add 20 c.c. of a 20%, manganous sulphate solution to pre- 
vent the hydrochloric acid from interfering with the titration, and 
titrate in the cold with 0.1-normal potassium permanganate. A 
slight correction can be applied to allow for the chromate present. 
Determine in a similar manner the percentage^ of KClOj in the 
crystals obtained; then calculate the entire quantity of potassium 
chlorate and the current yield. It is to be remembered that 
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according to the equation for its formation, 96,540 ampere-seconds 
yield but 1 /G of a mol. of KClOg. The current yield amounts to 
about 70%, and about 85% of all the chlorate is obtained in the 
crystals. A further loss occurs when the crude, solid product is 
purified by rccrystallization from hot water. The yield of puri- 
fied chlorate actually obtained in an experiment carried out 
according to the above directions, was 23 g. 

The chlorate disso(;iates into a potassium ion and acdiloratc ion. 
Test the purity of the preparation by dissolving a little in water, 
acidifying with nitric acid and adding silver nitrate; there should 
be no ])recipitate of silver chloride. 

To illustrate the decomposition of chlorates by heat, melt a little 
of the preparation in a test-tube and test for oxygen with a glowing 
splinter (see the next preparation). 

75. Potassium Perchlorate. 

Potassium chlorate on being heated to about 400 “ decomposes in two 
different ways: 

1. 4 K(10, - K(1 + 3 KUIO,. 

2. KCK\ = KCl 4- S (). 

If the vessel is clean and the potassium chlorate pure, the decomposition 
proceeds essentially according to eciuatioii 1. Tf, on (he otli(?r hand, cataly- 
zers are present, such as manganese <lioxide or ferric oxide, or if it is heated 
to a higher temperature, then the reaction takes place princi})ally according 
to e(|nation 2. It is on this account that a mixture of manganese dioxide 
with potassium chlorate is used, rather than the pure chlorate, in pre- 
paring oxygen. 

Heat 50 g. of potassium chlorate in a new 100 c.c. porcelain cru- 
cible until the salt just melts. Without increasing thc jiQat keep 
the temperature as uniform as possible, so that oxygen 'barely 
escapes while the melt gradually becomes more viscous and pasty. 
If at the end of 10 or 15 minutes the mass has become uniformly 
semi-solid, allow it to cool, then cover it with 50 c.c. of cold water 
and allow it to stand until fully disintegrated. Collect the undis- 
solved potassium perchlorate on a filter and recrystallize it from 
200 c.c. of water. Yield, 30 g. The potassium chloride passes into 
the filtrates.^ 

' At the room temperature about 36 g. KCl, 6.6 g. KCIO3, and 1.5 g. 
KCIO4 are soluble in 100 c.c. of water. 
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Potassium perchlorate, like the chlorate, yields no precipitate 
with silver ions. 

Heat in a dry test-tube a mixture of potassium chlorate and one- 
sixth of its weight of manganese dioxide, and test the oxygen 
evolved with a glowing splinter. Observe that the evolution of 
oxygen takes place at a lower temperature than when pure potas- 
sium chlorate is used. Extract the residue with water, and filter; 
potassium chloride is in the filtrate, as may j^e shown with silver 
nitrate. 

Free perchloric acid is not explosive. Potassium perchlorate 
when covered with concentrated sulphuric acid remains unchanged 
in the cold and does not explode on gentle heating; potassium 
chlorate, on the other hand, yields explosive chlorine dioxide even 
in the cold. 

76. Iodic Acid and Iodic Anhydride; a “Time Reaction.” 

Seal a 0.5-1 .0 meter long glass extension tube to the neck of a 
round-bottomed flask, and boil g. of iodine with 130 g. of con- 
centrated, colorless nitric acid in the flask, using a ring burner to 
avoid bunii)ing. Remove the lower oxi<les of nitrogen, as fast as 
they are formed, by means of a current of carbon dioxide, or of air. 
After the oxidation is complete and the solution has cooled,. collect 
the solid iodic acid on an asbestos filter and separate it from the 
asbestos fibers by dissolving in the least quantity possible of hot 
water and filtering. Allow the iodic acid, HIO3, to crystallize, 
after concentrating somewhat if necessary, by letting the solution 
stand in. a vacuum desiccator over sulphuric acid. Evaporate the 
mother-liquor and dehydrate the residue at 200®. Iodic anhy- 
dride,; IjO^, is thus obtained. 

Heat a sample of the iodine pentoxide in a test-tube; it is broken 
down into iodine and oxygen, as is shown by tlie violet vapors and 
by the test with a glowing splinter. 

** Time Reaction.^* 

If a solution of iodic acid is added drop by drop to an aqueous solution of 
sodium sulphite acidified with sulphuric acid, the solution at first remains 
colorless: 

3 II 2 SO 3 + IIIO 3 - 3 H 0 SO 4 + HI. 
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When, with further addition of iodic acid, all the sulphurous acid beconifes oxir 
dized, the reduction then continues at the expense of the hydfiddic ^icid 
wliich has been formed : ' . ‘ . 

H 1 O 3 + 5 ITT = 3 H,o + ari^. ^ 

Thus if an acidified sulphite solution is treated with more than one-third of a 
mol. of iodic acid, a separation of iodine occurs; if the solution is concen- 
trated this takes place immediately; if dilute, only after some time, and then 
suddenly and completely. 

Tliis very reiriarkablo^ retardation reminds one of the phenomena of super- 
cooling, superheating, and supersaturation, but it is different inasmuch as the 
reaction takes place in a homogeneous medium, and is not followed by t 
separation of material in another state of aggregation. 

Prepare one solution by dissolving 1.8 g. of iodic acid, or an 
equivalent amount of potassium iodate, in water and diluting to 
one liter; prepare a second solution with 0.0 g. of Na2S03.7 1120, 

5 g. of 10% sulphuric acid, and 9.5 g. of starch (the latter should 
first be suspended in a little cold water and then stirred into a 
beaker of boiling water to form a paste), and dilute this likewise 
to one liter. Measure 100 c.c. of each solution into separate 
beakers, mix these two portions at a definite instant, and count 
the seconds until a deep blue color suddenly appears. Check 
this result by repeating the experiment. Then dilute each of the 
solutions to J, f , and i of their former concentrations, and deter- 
mine for each dilution the time which elapses before the blue color 
appears, l^lot graphically the dependence of the time on the dilu- 
tion. The results are reproducible and coniparal)le only when the 
temperature of the solutions does not vary appreciably. 

77. Potassium Iodate from Potassium Chlorate* 

KCIO3 f- I - KIO3+ Cl. 

Place 30 g. of potassium chlorate in a 200 c.c. flask and dissolve 
it in 60 c.c. of warm water. Add 35 g. of iodine to the solution, 
and while maintaining the mixture at a moderate temperature 
introduce 1 to 2 c.c. of concentrated nitric acid. (Hood.) After 
one or two minutes a vigorous reaction begins and a stream of 
t;hlorinc escapes, carrying with it a little iodine. Wlien the reaction 
moderates, boil to drive off the chlorine, and, when this is nearly 
accomplished, add 1 g. more of iodine. Concentrate by evapora- 
tion until on cooling nearly all of the potassium iodate crystallizes; 
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collect the product on a filter, and recover what is left in the 
mbtJier-liqiior by evaporation. 

'Dissolve the crude ‘product, which always contains some acid 
salt, in 150 c.C. of hot water, and neutralize exactly with potassium 
hydroxide. On cooling a good yield of the pure salt is obtained. 

Ignite a little of the product in a porcelain crucilde, and test the 
residue for chloride by distilliiig it with potassium bichromate and 
concentrated s Iphuric acid, and passing the vapors into ammonia 
water. 

78. Potassium Rromate and Potassium Rromide. 

To a solution of 02 g. potassium hydroxide in 62 g. of water, 
add 80 g. of bromine drop by drop while cooling l)y means of tap 
water. (Hood.) The solution soon becomes colored a permanent 
yellow, and later a crystalline powder of potassium bromate se^)a- 
rates; after cooling completely, collect the bromate on a filter and 
purify it by recrystallization from 130 c.c. of boiling water. Cofti- 
bine all the mother-liquors and evaporate them to a semi-solid 
mass; mix this thoroughly with 5 g. of powdered wood-(*harcoal, 
dry it completely and then heat it to redness for an hour in a large 
por{^elain crucible surrounded by an iisbestos or sheet“ii‘on funnel. 
Treat the sintered mass with 120 c.c. of hot water, and then 
wash the residue with 20 c.c. more of water; evaporate the filtered 
solution to crystallization. The yield is 20 to 27 g. of KlirO^ 
and 90 to 95 g. of KRr. 

The addition of acid to the aqueous solution of either one of 
these salts should not j)roduce a yellow coloration, due to the 
separation of free broi7iine. 

(c) Nitrites and Nitrates. 

79. Sodium Nitrite from Sodium Nitrate. 

Sodium nitrate, when melted with a. reducing; a^^ent such as lead, loses 
one-third of its oxyp:en and goes over into the nitrite. 

In the absence of reducing agents sodium nitrate can be melted without 
decomposition; at liigher temperatures, however, a dissociation, although 
incomplete, takes place according to the eq\iation: 

NaNO., - NaNO, 4- O. 

From the above facts the conclusion may be drawm that this dissociation of 
sodium nitrate takes place even at more moderate temperatures, although 
to so small extent that it can be proved only indirectly. The reducing agent 
by removing oxygen, one of the products of the dissociation, causes the 
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decomposition to continue until it has become of appreciable magnitude- 
This is a good example of a non-electrolytic dissociation which though 
actually insignificant can be made apparent by the use of a reagent. 

Sodium nitrite is the most important technically of all the salts of nitrous 
acid. It is used principally for diazotizing in the manufacture of azo-dyes. 

Heat 85 g. of sodium nitrate in an iron dish, of 15 cm. diameter, 
until it melts, and add 207 g. of lead a little at a time while stirring 
with an iron spatula. Continue the heating until all the lead is 
oxidized, which may take half an hour, and then wiiile cooling 
keep stirring in order to obtain the mass in small loose lumps. 
Extract the product fii-st with 800 c.c. of hot water and tlien twice 
more with 100 c.c. To precipitate the lead which htvs gone into 
the solution as plumbite, pass in carbon dioxide for a few minutes. 
Filter and neutralize the filtrate cautiously with a very little dilute 
nitric acid. Evaporate to a small volume to obtain crystals, collect 
these on a suction-filter, wash with alcohol, and evaporate the 
mother-liquor to obtain more crystals, \deld. 40-50 g. 

The lead oxide can be again conveided into lead by reduction 
with charcoal (No. I). 

80 . Potassium Nitrate from Sodium Nitrate. 

If a mixture of sodium nitrate and potassium chloride is boiled with a 
quantity of water insufficient for complete solution, the undissolved residue 
will be sodium chloride, which is the least soluble in hot water of the four 
possible salts: 

NaXO, 4- Kri KNO, -f NaCl. 

If the filtrate is cooled, potassium nitrate will crystallize, since this is the 
least soluble at the room temperature. 


GRA.MS OF S.\LT SOLUBLE IN 100 GRAMS OF WATER. 



At io°. 

— 

At loo*^. 

■ ■ 

Pota.ssium nitrate 

21 

246 

Sodium chloride 

36 

40 

Potassium chloride 

31 

56 

Sodium nitrate 

81 

180 


Thus the interaction of the salts u.sed depends entirely upon the solu- 
bility relations. 

This method has had an important application in the manufacture of 
potassium nitrate for the gunpowder industry. 

Dissolve 190 g. of cnidc Chile saltpeter in 200 c.c. of boiling 
water in a previously weighed flask. To the boiling solution 
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add 150 g. of powdered potassium chloride and boil for half an 
hour longer, replacing any water lost by evaporation. The con- 
tents of the flask should at the end weigh 520 to 540 g. While still 
hot, tiller rapidly through a Biichner funnel and rinse the residue 
with a test tube full gf hot water. Cool the filtrate rapidly while 
shaking, whereby a crystalline meal of potassium nitrate is formed. 
Evaporate the mother-liquor; remove the sodium chloride by 
filtering while 'lot; and cool the filtrate rapidly to obtain more 
potassium nitrate. If sufficient mother-liquor still remains, work 
it up in the same manner to obtain a further yield. Unite all of 
the crystals of potassium nitrate and purify them by recrystalliza- 
tion until they are free from chloride. The yield is from 60 to 70% 
of the calculated. 


81 . Silver Nitrate. 

Tho nitrates of the alkali metals break down into nitrites when heated; 
those of all the other metals dissociate into metallic oxide and nitric anhy- 
dride <ir its decomposition products: 

(^i(X(),), ^ CuO + N,(), -f O. 

This dissociation bej^ins to lake place at very different temperatures with 
the various metals. Silver nitrate can l>e melted without decomposition, 
while, at the same tom[)erature, the nitrates of metals with a hi^rher valence, 
for example copper nitrate, are deconij)osed ; thus l)v melting a mixture of 
the.se two nitrates and dis.solviiifr the fu.sion, silver nitrate can be obtained 
free from copper. 

.By carefully reu:ulatiim; the tem[)craturc .and repeatin”; the process, rni.x- 
turc.s of very closely related nitrat<*s can be separated; the “nitrate method” 
for ^paratini:; the metals of the rare-earths <h‘pends iipon this principle. 

A completely aiialoi^ous beh.avior is shown by the sulphates, as in the 
Ziervo^el process for obtaining silver from argentiferous pyrite. Hy roasting, 
the .sulpliates of tlie metals are finst formed, all of which, however, ^nth the 
exception of silver sulphate, decompose at a .somewhat higher temperature 
into metal oxide and sulphur trio.xide; by leaching, the silver is obtained in 
the solution. 

Dissolve a silver coin in 30% nitric acid, evaporate the solution 
to dryness, and transfer the residue' to a porcelain crucible. Place 
this crucible upon a wire triangle inside a larger crucil^le, and 
gradiiallv heat the outer crucible to a dull rod heat. Wlien the 
decomposition is completed, extract the black residue with water, 
concentrate the filtrate and test it for copper. Should any copper 
be present, which will frequently be the case, evaporate the solu- 
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tion to dryness and heat the silver nitrate carefully until it just 
begins to melt. In this way the remainder of the copper nitrate 
is decomposed. Repeat the extraction with water. 

The copper oxide residues should contain very little silver. 

82 . Bismuth Nitrate and Basic Bismuth Nitrate. 

Bismuth nitnite may be obtained from the solution of the metal in nitric 
acid in the form of large, colorless crystals with 5 molecules of water. The 
salt is strongly hydrolyzed by water, and, according to the temperature and 
the concentration of the acid, basic salts of various compositions are pro- 
duced. ‘ The following directions yield a precipitate of approximately the 
composition, 4 Bi^Oa . 3 N^Oj. . 9 IbO, wliich is not, however, to be regarded as 
a homogeneous compound. 

Dissolve 100 g. of coarsely pulverized bismuth by heating it in 
a flask with 500 g. of nitric acid (sp. gr. 1.2). Filter through a 
hardened filter, using suction, and evaporate in a porcelain dislr 
until crystallization begins. Collect the crystals on a suction- 
filter, wash with a little nitric acid (sp. gr. 1.2) and dry in a desic- 
cator. Evaporate the mother-liquor to obtain more crystals. 

To prepare the aV)ove mentioned basic salt, triturate one part of 
the bismuth nitrate with four parts of water and stir this mixture 
into 21 parts of boiling water. Allow the precipitate to settle, 
wash by decantation, collect on a suction-filter and dry the prepa- 
ration at a temperature not exceeding 30°. 

(d) Manganates and Ferrates. 

83 . Potassium Permanganate by the Fusion Method. 

By fusing manganese compounds in an oxidizing-alkaline flux a man- 
ganate is formed, and this, when it is dissolved in water and the free alkali 
is neutralized, changes into permanganate and manganese dioxide: 

MnO, 4- ICCO, 4- O - CO, 4- K,MnO„ 

3 K,MnO, 4- 2 il,0 ^ MnO, 4- 4 KOH 4- 2 KMnO,. 

Melt together SO g. of potassium hydroxide and 40 g. of potas- 
sium chlorate in a sheet iron crucible G to H cm. in diameter. 
Remove the flame and while stirring with an iron spatula (a heavy 
wire or an old file), add 80. g. of finely powdered pyrolusite, quite 
rapidly but not all at once. The fusion effervesces somewhat. 
Heat again, at first moderately then more strongly, and stir 

* Cf. A. Findlay: The Phase Rule. 
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vigorously all the while until the mass has becorAe dry. Finally 
heat for 5 minutes at a dull red heat. Unless stirred as directed, 
the melt will solidify to a hard cake which can be removed from 
the crucible only with difficulty. When it is cold, break up the 
mass and boil it with 1.5 liters of water while conducting a vigorous 
stream of carbon dioxide into the liquid. When the rnanganate 
is completely decomposed and a drop of the solution gives a clear, 
violet-red spot on filter paper, with no trace of green, allow the 
precipitate to settle, and decant the liquid as carefully as possible 
from the sludge of manganese dioxide. Filter with suction 
through a felt of asliestos on a Biichner funnel. Concentrate the 
filtrate to one-half, filter again through asbestos, and evaporate 
until crystallization begins. Collect the crystals on a porcelain 
filter-plate and wash with a little cold water. Obtain a second 
crop of crystals from the mother liquor and examine with a micro- 
scope to see if it is free from crystals of potassium chloride. 
Finally recrystallize. The yield should be 50 to 60 g. of the pure 
salt. 


84. Electrolytic Preparation of Potassium Permanganate. 

If a solution of an alkali hydroxide, or hotter of an alkali carbonate, is 
electrolyzed with an anode of man^^anese, permanganate is formed by anodic 
oxidation. For tlie reaction to succeed it must he carried out at a rather 
lii^^h temperature, since otherwise only rnanganate is formed. For the cathode, 
nickel .or iron wires may he used, hut they niu.st he surrounded with a porous 
clay diaphragm to avoid reduction of the permanganate. 

Fl^ce a porous cup, 10 cm. high and 4 cm. wide, in a liter 
beaker, and inside the cup place an ii*on wire to serve as the 
cathode. For the anode use a good sized lump of manganese 
(obtained by the Goldschmidt process; cf. No. 2); fasten it by 
means of a fine platinum wire to a stout iron wire and allow only 
the manganese to dip into the lupiid. Use as the electrolyte 
200 c.c. of a solution of potassium carbonate saturated at 0° 
(solubility: 105 g. of K.,CO^ in 100 g. of w^ater) which should stand 
at the same level insidQ and outside the poi’oiis cell. In order to 
effect a rapid electrolysis it will prol:)ably be necessary, on account 
of the high n^sistance of the diapliragm, to draw from a current 
supply of more than 0 volts. Raise the temperature of the bath 
to 50-60° and maintain it at this point by using an external flame 
whenever it is necessary to supplement the heating effect of the cur- 
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rent. The formation of permanganate begins as soon as the cur- 
rent starts; red films of solution form at the anode surface and sink 
to the bottom of the beaker. At the end of 30 minutes, and then 
after every 20 minutes, stir the bath well and take samples of 5 or 
10 c.c. with a pipette for the purpose of determining the current 
yield.^ Acidify the sample with sulphuric acid, whereupon the 
precipitate, which is mainly ferric hydroxide, dissolves; decolorize 
the hot solution with a measured excess of 0.1 -normal oxalic acid 
and titrate back at 60° with 0.1-normal permanganate. The per- 
manganate solution obtained in tliis manner is so dilute that it 
does not pay to attempt to crystallize the solid salt. The current 
yield in several experiments made in the author’s laboratory with 
1. 5-3.0 amperes was as high as 2.5Vo the end of 45 minutes; in 
the next hour it sank to about 10%. 

85. Hariiim Ferrate, Ba[Fe()J. 

Clamp a 50-75 c.c. flask in an upright position and place in it a 
mixture of 10 g. of fine iron filings and 20 g. of potassium nitrate. 
Heat with a flame until a reaction takes place and the iron burns 
with a shower of sparks. After cooling break the flask, extract 
four times with 50 c.c. of ice water, and filter the combined extract 
through asbestos. Pass the deep violet-red filtrate again through 
a fresh asbestos felt and precipitate it immediately with a solution 
of l)arium chloride. After an hour drain the preci])itate of barium 
ferrate on a hardened filter, wash it with alcohol, then with ether, 
and dry at the room temperature in a vacuum desiccator. Yield, 
1.0 to 1.5 g. 

(c) Od'if-arids of Sulphur and Their Sails. 

For sulphurous acid the* two following constitutional formulas^ have been 
proposed : 

\()n 

Unsymmetrical Formula. Symmetrical I'ormula. 

^ Compare the directions in Preparatioii-s 14 and 74, 

^ Constitutional formulas of the complex inorganic acids apply only with 
a certain reservation: They characterize the ability to react only in one par- 
ticular direction, and show, of several possibilities, only one definite con- 
dition of the acid (see cyanic and hypochlorous acids). They are of value, 
however, as aids to the memory. 
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For a further discussion of these formulas, see Nos. 155 and 156. 

Kegarding the constitution of sulphuric acid, it is to be noted: 

1 . Sulpluiric acid contains two hydroxyl radicals: sulphuryl chloride 
(No. 140) and water react together with the formation of ^sulphuric acid, 
whereby the chlorine atoms are replaced by hydroxyl groups: 

SO 2 CI 2 802(0H)C1 SO,(OII),. 

2. The two hydroxyl groups of sulphuric acid are bound to the sulphur 
atom: Either one or both of these groups can be replaced by organic radi- 
cals, such as pherij i, wlicreby phenyl sulphonic acid, ( VHr/SOgOII, and diphe- 
nylsulphone, (C.d 15 ) 2800 , are formed. But the same sul^stances can be pre- 
pared by the oxidation respeetively of mc^rcaptan, (’..li^SII, and of diphenyl 
sulphide, ((\iH-),S, in which the organic radical must be joined directly to 
the sulphur atom. From this it follows that both hydroxyl groups are 
held by the same sort of a bond: 

/OTT 

(),S 

^OH 

3. The way in which the two remaining oxygen atoms are bound is not 
known with certainty, but a mutual bonding of the two atoms to one another 
is improbable on account of the great stability of tlic S(>, -grouping. Thus 
the structural formula is apparently 

/OH 

s 

^oii 

Pyrosulphuric Acid, IIO.SO, — O -SOj.OII, may be regarded as derived 
from two molecules of sulphuric acitl by the loss of one molecule of 
water; it is prepared by dissolving sulphur trioxidc in sulphuric acid.^ By 
substituting the two hydroxyl groups of pyrosulphuric acid with chlorine 
atoms, pyrosulphuric-acid-chloride is obtained which is stable and easy to 
obtain piu'e. (Sec No. 150.) 

Car()\s Acid, 110 .SO.. OOll, is formed by the withdraw^al of a molecule 
of W'atcr from between a molecule of sulphuric acid and a molecule of hydro- 
gen peroxide. 

Pkrsulphuric A(’1d, II^S^Oj, (see No. 94), is produced by the electrolysis of 
II 2 SO 4 when two discharge<l monovalent acid-sulphute anions, HSO^, become 
united; it may also be regarded as resulting from the condensation of one mole- 
cule of sulphuric acid with one of Carols acid. 

Thiosulpiuj Kic Ann. Just as sulphuric acid may Ihj formed by the 
addition of an atom of oxygen, so thiosulphuric acid, 11.8 is produced by the 
addition of an atom of sulphur to a molecule of sulphurous acid (cf. No. 90). 

Polythionic Acids. Among the polythionic acids are included dithionic 
acid, H2S2O5, trithionic acid, tetrathionic acid, 11 . 2840 ^, and perUathionic 

^ Concerning the various hydrates of SO.,, see R. Knietsch, Ber. 34, 4100 
(1901). Notice particularly the curves. 
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These’^can t)e ifrgparod only in aqu^us SQrnttpW orjn < 
form Of their salts. (Cf. Noa. 91*^ Barium Dithionate, aftd 92, Tetra- 

thionate.) * The aelds readily change into one another, ai;^d their constitution 
is doubtful. ^ ' . ■ ‘ * ; 

HyposuLPHURoua Acid, ^[38364. See No. 93 . » ^ 

86. Sulphuric Acid from Pyl^\by the Ch^l^r Process.^ 

Construct the apparatus shown in Fig. 20. The wide-mouthed 
liter bottle is closed with a cork through which three holes are 
bored. In one hole the bent-side arm of ,a 25 c.c. distilling flask is 



inserted. A delivery tube is passed through the second Ixiring to 
the middle of the bottle and on the outside is joined to a short 
combustion tube. In the third boring a tube is inserted which 
leads through the safety bottle to a suction pump. Charge the 
combustion tuixi with about 10 g, of powdered pyrite, and place a 
small, loose plug of asV)estos just beyond the powder to retain any 
unburnt sulphur. Place about 10 c.c. of concentrated- nitric acid 
in the distilling flask, and insert a glass tube through the stopper so 
that the lower end, which is drawn out to a capillary, reaches to 
the bottom. Half fill the safety bottle with water to show the 

' From Alexander Smith and William J. Hale's A* Laboratory Outline of 
General Chemistry. 
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jate at 'wHich &ir J(S drawn throiigh the appajatus)- The total air 
admiUed is. regulated by*a screw damp placed between the safety- 
bottte and the waterrpump, and proportion passing ov^r the 
pyrite^and through the.nitric acid k governed by the clamp shown 
at the end of the combustion tribe. ' 

First heat the pyrite in a sldt^tream of air until it takes fire. 
Then warm the nitric acid and, by partially closing the cl^irpp at 
the end of the pyrite-burner/’ cause air to enter also through the 
capillary in the distilling flask, and thus ciirry nitric acid vapors 
into the large bottle, ileat the pyrite strongly and continuously; 
regulate the current of air laden with nitric acid so that red fumes 
are always present in the bottle. If insufficient nitric acid is pro- 
vided, the walls of the flask become (touted with colorless crystals 
of riitrosyl sulphuric acid ('* chamber crystals cf. No. 152). 

When the pyrite is completely burned, disconnect the apparatus, 
and wash the contents of the bottle into a beaker with a little 
water. Test the solution qualitatively, and determine by titration 
the yield of sulphuric acid. 

87. Reduction of Barium Sulphate and Preparation of Barium 

Nitrate. 

Mix thoroughly 47 g. of finely powdered heavy spar with 12 g. 
of fine sifted charcoal, and place the mixture in a Hessian crucible 
which shbuld be two-thirds to three-quarters filled by it. Spread 
a layer of’ efiarcoal on top, and j)lacc a cover on the crucible. 
Heat to jl ^red heat for two hours in a charcoal furnace. After 
cooling break up the reddish-gray, porous contents of the crucible, 
and add it little by little to GOO c.c. of a solution containing 25 g. 
of nitric acid. Boil, filter, and evaporate the solution to crystalli- 
zation. Separate the crystals on a filter, wash them with a little 
water, and dry them at a moderate temperature on a porous plate. 
Recover more crystals from the mother-liquor. Yield, 45 to 50 g. 
of BaCNOs)^. 


88. Antimony Sulphate SboCSOJj. 

Antimony sulphate is an example of a salt which is very easily hydrolyzed. 
In spite of the fact that 4t can be crystallized from concentrated sulphuric 
acid, it is impossible to obtain it pure without adopting some special expe- 
dient. The sulphuric acid adhering to’ the crystals cannot be removed by 
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suction or by evaporation. Washing with anhydrous acetic acid is effective, 
* however, i)ecausc this soK^nt does not react appreciably with either sulphuric 
acid or antimony sulphate, and the excess can be easily removed. 

Add 10 g. of finely powdered antimony (from No. 7 or 10) in 
small portions to 100 c.c. of hot, concentrated sulphuric acid, and 
heat the mixture in a beaker nearly to boiling until all the anti- 
mony has dissolved. On cooling, antimony sulphate crystallizes 
i« long, colorless, lustrous needles. Allow the solution to cool 
completely, dilute it with 80 c.c. of anhydrous acetic acid, and 
again permit the mass to cool. Drain the crystals by suction on 
a hardened filter, and wash them rapidly with a little anhydrous 
acetic acid and then with ether; allow the product to dry for one 
or two days in a vacuuiUidcsiccaior over sulphiyac acid. Yield, 

If a sample of the salt is treated with watei*, it undergoes 
hydrolysis, and free sulphuric? acid is found in the solution decanted 
from the insolulde basic salt. 

For the quantitative analysis of the saljt, dissolve a weighed 
sample in a little concentrated liydrochloric acid, add tartaric 
acid, dilute well, and precipitate with l)arium chloride. From a 
second solution prepared in the same way, precipitate the antimony 
with hydrogen sulphide and weigh it in a Gooch crucilde as SbgSg 
after drying it in an atmosphere of carbon dioxide at 280°. 


89. Alum from Kaolin. 

Potassium aluminium sulphate, . AlgCSO,), . 24 H^O, is distin- 

guished from other aluminium salts by its marked ability to cry|^allize, and 
on this account it can readily be obtained pure. Thus it has long been tJie 
most important .salt of aluminium in .'^pite of the fact that it contains but 
5.71% of that element. More recently, however, aluminium sulphate has 
been used a great deal instead of alum; it is prepared by neutralizing with sul- 
phuric acid the hydrated aluminium oxide, which can now be prepared pure 
from the mineral bauxite. 

Stir 50 g. of powdered kaolin with 75 g. of concentrated sul- 
phuric acid in an evaporating dish; heat the mixture for 2i hours 
on a Babo funnel, at first gently and then more strongly, until 
white fumes escape. Triturate the mass when cold, and extiTj^ct 
once with 300 c.c. and then three times with 100 c.c. of boiling 
water; the last filtrate should show no test for aluminium with 
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ammonia. Dissolve 28 -g. of potassium sulphate (15% less than 
the calculated amount)^ in the combined filtrates, and bring the 
double salt to crystallisation in the usual way. Recrystallize the 
combined crops of crystals. Yield, about 150 g. 

DO* Sodium Thiosulphate, Na 2 S 203 • 5 H20. 

Add 16 g. of f ely powdered roll sulphur (not flowers of sulphur) 
to a solution of 126 g. crystallized sodium suli)hite, NfioSOg*? HoO, 
in 250 c.c. of water, apd boil the mixture in a flask until, at the 
end of al)out two hours, the sulphur has dissolved. Filter, evapo- 
i*ate to the point of crystallization, and concentrate the mother- 
liquor to obtain further crops of cr 3 |j|tals. The yield is nearly 
quantitative. • 

The above reaction, NaoSO^-f S 4 =^ NaoS-^O,, is reversible. 
Heat 2-3 g. of sodium thiosulphate with about 5 g. of copper 
powder in a test-tube so that the thiosulphate melts in its water 
of crystallization and the latter partly boils away; the copper 
becomes bla(*k (copper sulphide), and the aqueous extract when 
treated with calcium chloride gives a precipitate of calcium 
sulphite; calcium thiosulphate is easily soluble. 

91, Barium Dithionate, BaSoOp • 2 H 

Prepare sulphur dioxide by allowing sulphuric acid to drop into 
160 c.c. of commercial bisulphite licpior (see note on p. 71), and 
pass the gas into a suspension of 50 g. of finely powdered pyrolu- 
site in 260 ,ac. of water until the latter is saturated and nearly 
all of tlfb black manganese dioxide has dissolved. During this 
reaction, which lasts about two hours, keep the mixture cooled 
with water. 

Dilute to 1.5 ’liters, bring the solution to boiling, and keep it at 
this temperature while adding a solution of 200 g. of crystallized 
barium hydroxide. Filter, and test the filtrate with ammonium 
sulphide for manganese. If the manganese is showui to be all pre- 
cipitated, remove the excess of barium hydroxide from the filt- 
rate by passing carbon dioxide into the boiling solution. Filter, 
evaporate to one-half, filter again, and allow the salt to crystallize. 
Drain the crystals and evaporate the mother-liquor to obtain 
another crop. Yield, about 120 g." 
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A sample of the salt dissolves clear in water and remains 
unchanged upon the addition of a little nitric acid. By boiling 
with nitric acid, however, it is oxidized to sulphate, and oxides of 
nitrogen arc evolved. 

92. Sodium Tctrathionate, Na 2 S 40 o *2 HjO. 

Triturate 50 g. of sodium tliiosulphate, 26 g. of iodine, and 5 g. 
of water in a mortar to a l)right brownish-yellow paste. After a 
short time rinse the mass with 50 c.c. of alcohol into an Krlenmeyer 
flask. At the end of about three hours drain the precipitated 
sodium tetrathionate and wash it with alcohol until the washings 
are free from iodine. ^ 

Dissolve the crude product in 20 to 25 c.c. of lukewarm water, 
and by adding alcoliol in portions of 10 c.c. — in aii 50 c.c. - 
•bring about a separation of crystals. After about ten hours, 
during which time the mixture has stood out of contact with the 
air in an lOrlcnmever flask, or in a vacuum desiccator, drain the 
crystals, wash witli alcohol, and dry in a desiccator over sulphuric 
acid. The yield is about 20 g. of compact, colorless, crystalline 
aggregates. 

Headionti: A solution prepared in the cold gives no pre(*ipitate 
with copper suli)hate even on boiling; with mercuric nitrate a 
yellow precipitate is obtained which l^ecoines black on boiling; 
with mercuric chloride a yellow flocculent preci])itate separates 
slowly. Compare the beliavior of sodium thiosulphate and 
sodium sulphite with these reagents. 

Analj/sis: Determine the water of crystallization in a 0.7-1 .0 g. 
sample by heating it to constant weight in tlu^ steam closet; deter- 
mine the sulphur ])y dissolving in water, oxidizing with bromine, 
and precipitating with lairium chloride. The amount of water 
^ contained in the salt prepared in this way is stated variously in 
the literature. 


93. Hyposulphurous Acid, Il^SgO^. 

Zinc dissolves in aqueous sulphurous acid without evolution of hydrogen, 
and forms a yellow solution of great reducing power. By studying the 
properties of this solution and later by preparing the sohM sodium salt, the 
formula of free hyposulphurous acid was established as H3S3O4. 



POTASSIUM PERSULPHATE. 


133 


The older name for hyposulphurous acid is hydroavlphurous add. It 
should not be confused with thiosulphuric acid, HgSjOa, the sodium salt of 
which is commonly known as “hypo.” 

Take two samples of the same solution of sulphurous acid, allow 
one of them to stand a short time in contact with a zinc rod, and 
afterward test the reducing power of each solution towards dilute 
indigo. 

94. Potassium Persulphate, Electrolytically. 

In concentrated solutions of acid sulphates, dissociation takes place for 
the most part only partially: 

KH80, ^ K+ f HS(V. 

On electrolyzing, and particularly with high-current densities, the acid sul- 
pljate ions on becoming discharged at the a#ode unite in pairs to form per- 
Bulphuric acid, IlaS-^OH, the potassium salt of which is insoluble. 

Inside a large beaker filled with ice water, place a glass cylinder, 
or a small beaker 14 cm. high and 6 cm. in diameter. Suspend in 
this, by means of a wire triangle, an 11 cm. long, 2.7 cm. wide 
glass tube open at l>oth ends (a test-tube with its bottom cut off). 
Use for the catliude a loop of platinum wire, 
placed as near the surface of the solution as 
possible and outside the inner tube; for the 
anode melt a platinum wire into a glass tube 
so that it projects 1.5 to 2.0 cm., and insert 
this through the inner tube until it reaches 
nearly to the bottom of the beaker (sec Fig. 21 ). 

Fill the inside beaker one-half full of a satu- 
rated solution of acid potassium sulphate. Use 
a current density at the anode of 100 amperes 
per 100 sq. cm. of electrode surface. Measure 
the protruding anode wire and estimate its 
surface. The current will amount to less than Fig. 21. 
an ampere with a moderately stout platinum 
wire. The temperature of the electrolyte should be lower than 
15° and may quite easily be maintained at 0° to 8°. A few min- 
utes after closing the circuit, crystals of the difficultly soluble 
persulphate are seen to separate. Continue the electrolysis 40 
minutes in one experiment and an hour in another. Collect the 
Balt on a hardened filter, wash it with alcohol and then with ether. 
Weigh the salt, after drying in a desiccator, and analyze it as soon 
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as possible in the following manner: Dissolve 0.3 g. of the salt in a 
beaker with 10 c.c. of 0.1-normal ferrous ammonium sulphate ‘ 
solution and 200 c.c, of hot water. After cooling, titrate back the 
unoxidized ferrous salt with 0.1-normal permanganate. 

According to the above directions, 1.25 g. of the persulphate of 
92 to 95% purity should be obtained in 40 minutes and 1.65 g. in 
an hour, and the current yield should be from 41 to 43%. 

To test qualitatively the oxidizing power of the salt, dissolve 
some of it in water, make the solution alkaline, add it to a solution 
of a lead or manganese salt to which alkali has also been added, 
and warm the mixture. 


(/) Carbonates, 

95, Sodium Carbonate (Ammonia-Soda Process). 

From a concentrated solution containing the ions Na”^, Cl', and 

IICO 3 ”, sodium bicarbonate, XallCCX,, the most insoluble of the possible 
salts, is the first to separate (cf. No. 80). The acid salt loses carbon diox- 
ide when heated and changes into the monocarl )onate, Na/’Oj. This pro- 
cess,** which was first placed on a commercial basis by Solvay, jdelds at the 
present time the largest part of the world’s soda. For a technical discussion 
of the process, consult liUnge, Sulphuric Acid and Alkali, Vol. Ill; for a 
theoretical treatment in the light of the phase rule, see Bodlander and Hreull, 
Z. angew. Cheni. 14, 381, 405 (1901); and P. P. FedotiefT, Z. physikal. Chem. 
49, 102 (1904). 

Add 60 g. of pulverized sodium chloride to ISO g. of. a 10% 
ammoniii solution, and allow it to stand with occasional shaking 
until nearly all has dissolved. Place the filtered solution in a closed 
flask and saturate it at room temperature with caT'bon dioxide; pass 
the gas through a wash bottle containing water and then allow it 
to enter the flask through a single inlet tube, which dips under 
the solution, as rai)idly as it will be absorbed (in all, perhaps 24 
hours). Collect the precipitated sodium bicarbonate on a filter 
and wash it with a Uttle cold water. Dry the product in a 
porcelain dish and then heat it witli a free flame until carbon 
dioxide cea.ses to escape. Recrystallize the crude sodium carbonate 
thift obtained from five times its weight of water, and wash the 
crystals with a little water. Concentrate the mother-liquor to 
obtain another crop of crystals. Recrystallize. Yield, about 40 g. 

4 40 g. of (NH 4 ) 2 S 04 .FeS 04 . 6 HoO and 30 g. of cone. HjSO^ made up to 
1 liter and standardized agaimst 0.1-normal permanganate. 
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A solution of the sodium carbonate, after being acidified with 
nitric acid, ought not tg show more than a slight cloudiness with 
silver, nitrate. 

{(j) Phosphoric Acids} 

Structural formulas can be written as below for orthophosphoric acid^ 
II3PO4, phosphorous acid, II3PO3, and hypophosphorous acid, Hjl’Oa, if it is 
taken into consideration that the first acid is tribasic, the second dibasic and 
the third monobasic, and if it is assumed, although this is by no means proved, 
that all the hydiuxyl hydrogens, and only these, can be replaced by metals 
in the formation of salts. 


rc= 0 

[=0 

f=0 

J - OH 

pi - H 


1 - OH 

- OH 

1-H 

1 - OH 

1- OH 

U OH 


OrJhophfisphfjric acid. Phosphorous acid. Hypophosphorous acid. 

The reducing action of the last two acids would accordingly consist in 
taking up oxygen which would enter between the phosphorus atom and the 
hydrogen atoms. 

If ft is not assum(‘d that all the hydroxyl hydrogens are replaceable,*then 
the formulas P(OII)., and ITP(OIT)2 become possible, according to which phos- 
phorous and hypophosphorous acids are derived from tri valent phosphorus. 
It may be, as in the case of sulphurous acid, that both formulas have a cer- 
tain justification (compare p. 120 and Nos. 155 and 156). 

By the loss of water from one and from two molecules of orthophosphoric 
acid, meta-phosphoric and pyro-phosphoric acids respectively arc obtained: 


P J - 0 
( - OH 

Metaphosphoric acid. 


O = ) ( = o 

HO - P - O - P J - OH 
HO - ) f - OH 

Pyro phosphoric acid. 


Hypophosphouic Acid, HaPO.,, which was formerly written HjPjOo, has 
recently been found to have a molecular weight corresponding to the smaller 
molecule, and is presumably derived from tetravalent phosphorus. 


96. Barium Hypopliosphlte, j . H^O. 

Salts of hypophosphorous acid are formed by the action of phosphorus 
on warm aqueous solutions of .strong bases: 

4 P + 3 KOH -f 3 IhO = 3 KH^PO. + PH;,. 

If barium hydroxide is chosen as the base, it is possible to obtain the crys- 
tallized salt, after precipitating the excess of the base with carbon dioxide 
and evaporating the filtrate. HypophoSj^hites are strong reducing agents^ 


Cf. Note 2, p. 120. 
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Heat a solution of 120 g. erystallized barium hydroxide in 
1200 c.c. of water with 30 g. of yellow phosphorus. (Caution) in 
a round-bottomed flask on a Babo funnel. After about four hours 
nearly all of the phosphorus will have disappeared. The process 
should be carried out in a well-ventilated hood, since phosphinte. 
gas escapes freely. Filter the solution through a plaited filter 
into a large porcelain dish; heat and pass in carbon dioxide \intil 
the excess of barium hydroxide is precipitated. Filter, rinse the 
precipitate with boiling water, and evaporate the solution to one^. 
half its volume. After again filtering, concentrate further — at 
the last in a beaker — until crystals begin to separate; then add 
alcohol and leave the solution to crystallize. Collect the product 
orl a filter and evaporate the mother-licpior to obtain more crystals. 
Purify the entire ])roduct by recrvstallization. Yield, 40-60 g. of 
colorless flaky crystals. 

Kcactiom: 1. Treat a sample of the product with concentrated 
sulphuric acid and heat it to boiling; a large amount of sulphur 
dioxide escapes and sulphur distils to the cooler part of the test4ube; 

2. On adding hypophosphite to a dilute solution of gold chloride, 
H[AuCl 4 ], and warming gently, a blue-violet coloration (cf. No. 25) 
and later a violet-red precipitate of gold is ol)tained. 

3. mth silver nitrate a dark brown separation of silver takes 
place, slowly at the room temperature and more rapidly wheir 
warm; with mercurous salts a separation of mercury occurs. 

4. If a dry sample of barium hypophosphite is heated in a test- 
tube, it turns red with loss of water and further decomposition: 
phosphorus distils off and phosphine escapes. 

Dependent preparation: Copper Hydride, No. 33. 

THIO-ACIDS AND THEIR SALTS. 

97. Potassium Trithiocarbonate Solution (Reagent for Nickel). 

Divide 50 c.c. of a 5% solution of potassium hydroxide in two 
equal portions; saturate one with hydrogen sulphide and mix if 
with the other portion. Shake this solution of potassium sulphide 
vigorously with 2 c.c. of carbon bisulphide for five minutes and 
then pour it through a filter which has been moistened with water. 
The bright, orange-red solution contains extremely 

delicate reagent for nickel. With concentrated ammoniacal solu- 
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tions of nickel salts, it gives a brownish-black precipitate; with 
dilute eolytions a dark brown coloration. 

Determine the sensitiveness of the test: Start with 1 or 2 c.c. of 
a 0.0002-normaI nickel solution, and if this gives a distinct reaction, 
. dilute ten times and test again, and continue in this way until the 
limit of sensitiveness is reached. 

In order to find to what extent cobalt interferes with the reaction, 
test solutions containing 1, 2, 10, 50 and more atomic equivalents 
of cobalt for each atom of ni(^kcl. 

98. liarium Trithiocarbonate. 

Dissolve 32 g. of crystallized barium hydroxide in 100 c.c. of hot 
water. Place one-half of the solut ion in a closed flask and saturtite 
it with hydrogen sulphide, whereby barium sulphydrate is formed; 
therfadd tlie other half of the original barium hydroxide solution. 
.Shake the resulting solution of barium sulphide with 8 g. of carbon 
bisulphide, whereupon barium trithiocarbonate, l^aUS,, precipi- 
tates as a yellow, crystalline powder. Drain the precipitate, wash 
it with a little water, then with 50% alcohol, and finally with pure 
alcohol; and dry it in a warm place (on top of the hot closet). As 
the alcohol used for washing runs into the filtrate, more of the 
barium trithiocarbonate precipitates. Yield, 12 15 g. 

99. Sodium Thioaiitiinonatc, NagSbS, . 9 H 2 O. 

Sodium tliioantimoiijito, or “Schlippc\s salt,” is formed by the inter- 
action of .‘intimony sulpliide, .sodium sulphide, and sulphur; sodium thio- 
antimonite may first be formed in the dry way (Schlippc), or the whole 
process may be carried out in tl»e wet way (Mitsclierlieli). According to 
Schlippe’s method, sodium sulphate is heated together with charcoal and 
antimony trisulphide in the furnace; sodium sulphide is formed by reduc- 
tion, and this immediately combines \ytli the antimony sulphide. Hy 
8U.spending the pulverizetl fusion in water and boiling it with powdered 
Bulpliur, the sodium thioantimonite is converted into t hioantiinonat<'. 

Jfn recrystallizing the salt, it is iiece.ssary to i\dd a little sodium hydroxide 
to prevent hydrolysis, for ollierwisc the free thioantimonic acid which would 
form would decompose into antimony s\ilphide and hydiogen snlpliide. 
Sodium thioantimoriate is used in making the medicinal preparation of 
antimony peiitasulphide. 

1. Mix thoroughly 36 g. of powdered stibnite (34 g. = 0.1 mol.), 
43 g. of anhydrous sodium sulphate, and 16 g. of powdered charcoal. 
Place the mixture in a Hessian crucible, which should be about half 
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filled, cover with a layer of charcoal, and heat in a charcdal furnace 
until the charge conics to a state of quiet fusion, and then heat ten 
minutes longer. Pour the melt upon an iron plate, pulverize the 
mass when cold, and boil it half an hour with 7 g. of flowjDi*s of sul- 
phur and 300 c.c. of water. Add a little caustic soda solution and 
evaporate the filtrate to crystallization in a porcelain dish. Collect 
the crystals, wash them with a little alcohol, and w^ork up the 
mother-liquor further. Recrystallize the combined portions, add- 
ing a little caustic soda to the solution; dry the product in a vacuum 
desiccator over lime, upon wdiich-a few drops of ammonium sul- 
phide have been poured. The yield is 40 to 50 g. of light-yellow 
W’ell-formed crystals. 

2. Slake 26 g. of quicklime with hot w^atcr, stir it up to a paste 
wdth an additional 80 c.c. of water, and add a solution of 70 g. 
crystallized sodium carbonate in 250 c.c. of w’ater. Bring the 
mixture to boiling in an iron dish, and w'hilo it is boiling add little 
by little a paste made from 36 g. of ])OW’dered stibnite, 7 g. of pow^- 
dered sulphur, and 12 g. of w’ater. When, after boiling about 
15 minutes, the gray color of the antimony sulphide has disap-' 
peared, filter the solution through linen cloth and extract {he 
residue by l)oiling it with 100 to 150 c.c. of w’ater. Bring the 
combined filtrates to crystallization and proceed as in Method 1 
with the recrystallization, etc. Yield, about 60 g.' 

100. Pota.ssium Ferric Sulphide, K[FeS 2 ]. 

Place an intimate mixture of al)out 30 g. iron pow^ler, ISO g. 
flow^ers of sulphur, 150 g. potassium car))onate, and 30 g. anhydrous 
sodium carbonate in a Hessian crucible, and heat the mass in a 
charcoal furnace until it is melted to a thin liquid. This takes 
about an hour. Close the furnace and let the melt cool slowiy; 
break the cruci])le and digest the lumps of the melt with warm 
W’ater in a porcelain dish until they are completely disintegrated. 
From time to time replace the resulting green solution with fresh 
water until nothing more dissolves and pure, glistening, dark 
needles remain behind. Wash the product with water and alcohol 
and dry it in the steam closet. Yield, about 70 g. Confirm the 
composition by a quantitative analysis. 

* The yield corresponds closely with the reaction as given by Mitscherlich: 
8 86^83 4- 16 S -f 18 Na,C:03 4- 3 H^O = 10 + 3 II^Na^SbaO, 4- 18 CO,. 
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101. Ammonium Copper Tetrasulphide, NH 4 [CaS 4 ]. 

It is known from qualitative analysis that copper sulphide dissolves appre- 
ciably in amifionium or sodium polysulphidc. Alkali salts of thio-copper acids 
are thereby formed of which the one under consideration has been best in- 
vestigated;^* 

Place a mixture of 200 c.c. of concentrated ammonia and 50 c.c. 
of w^lt^r in a closed flask, and while keeping the liquid cooled with 
tap water, pass in hydrogen sulphide until it is saturated. Dis- 
solve in one-haK of the solution as mu(*h finely powdered sulphur 
as possible* at 40° (about 60 g.), then filter this and add it to the 
other half of the solution. 

While rotating this solution in a flask, add a 10% solution of blue 
vitriol little by little until a permanent precipitate of copper sul- 
phide just l)egins to form; filter immediatel}^ through a plaited 
filter into an Krlenrneyer flask; the latter should be filled almost 
completely with the liquid. On standing, ))est in an ice-box, 
brilliant red prisms separate, which on the next day should be 
washed with water and then with alcohol and dried quickly over 
•lime in a vacuum desiccator. On adding copper sulphate to the 
main filtrate (to which the washings should not have been added) 
a further yield of the crystals is obtained. The entire product is 
about 25 g. 

A sample of the salt dissolves completely in a small amount of 
2-normal sodium hydroxide, which points to the existence of the 
coppci; as a part of the complex; after some time copper sulphide 
begins to separate slowly. Ammonia is readily detc(dcd in this 
solution by its odor or by Nessler’s reagent. Concentrated potas- 
sium hydroxide added to the fresh solution immediately pre- 
cipitates red potassium copper tetrasulphide. Concentrated 
hydrochloric and nitric acids act but slowly on the dry salt, con- 
centrated sulphuric acid not at all. 

COMPLEX HALOGEN ACIDS AND THEIR SALTS. — COM- 
PLEX CYANOGEN COlftPOUNDS. 

Among the complex compounds formed by the union of two sim|)le sub- 
stances, the particular class in which both of the simple substances are 
halogen or cyanogen compounds requires a special treatment, — first, for 
the reason that the number of such compounds is very great, and many of 
them are of considerable practical importance; and second, because their 

» H. Blitz and P. Ilerms, Ber. 40, 977 (1907). 
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classification and interpretation on the basis of the old theories of valence 
have for a long time caused chemists much perplexity. 

For the diagnosis of such complex compounds, purely chemical tests are 
first made as to the reactivity of their constituents. If the typical reactions 
of tlie simple salts do not occur with these double compounds, but instead 
new specific reactions are found, then a complex structure of the substance 
is indicated. Such cavses are abundant in analytical chemistry, as, for 
example, with the iron-cyanogen compounds. 

Further, the existence in aqueous solution of complex metal-containing 
ions can be proved clectrochcmically, and with this proof began the clearing 
up of the constitution of these substances. The metal migrate.s, as a constit- 
uent of the anion, toward the positive pole and there increases in concentra- 
tion. Thus an anomalous change in concentration takes place with respect 
to the metal when it is compared with that occurring in the electrolysis 
of simple metal salts. From this Hittorf, in the years 1S53-1859, deduced 
the existence of complex ions in .solution. Previously Porett (1S14) had 
noticed, incidentally, the analogy existing between potassium ferrocyanide 
and t!ie salts of the oxy-acids. 

Finally, the degree of the complexity of dissolved double compounds can 
be (‘stimated by means of any one of the methods of determining ion concen- 
trations, such as by measurements of the freezing-point, of electromotive force, 
etc. Thus not only can the extreme cases Ik* distinguished — in which there 
is merely a dissociation into a simple cation and a com|)lex anion or else a 
complete breaking down into the simple ions — but also it can be shown, in 
the transition cases, to what degree the two kinds of dissociation prevail. 

1'hc extent to which the nature of the compound, and indeed the nature 
of the elements forming the complex as w’ell as of those outside of the com- 
plex, favors the first or .second form of di.ssociatioii is now understood in a 
general way. The form.ation of complexes seems to be favored when the 
anions of the simple compounds arc the same. The stability of the com- 
plex increases from the chlorine compounds through the other halogen to 
the cyanogen compounds; it increases further, as far as metal-containing 
anions arc concerned, with the “nobleness^’ of the metal. The latter property 
of metals is intimately connected with the discharge? potential of their ion.s — 
a quantity capable of exact measurement — (electro affinity, cf. p. fiO), hence 
it would .seem possibh* to pmdict, from data concerning discharge potentials, 
the n‘lative tendency of the metals to form complexes. Alx'gg and Hodliinder 
have in fact propo.sed a new^ system of chemical classification ^ based upon this 
fundamental property of the atoms. Among the numerous investigations 
w hich the.se ideas have instfgated, mention should be made of the measure- 
ments carried out b^ Bodliinder of the .so-called “stability-con.stants^^ which 
give thfe proportion in which simple metal ions dissociate from complex metal- 
containing anions.* 

* Abegg and Hodliinder: Die Electroaffinitiit. Z. anorg. Chem. 20 , 453 
(1890). 

Hodliinder: Her. 36, 39.33 (1903). 
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The composition of the complex halogen compounds shows that one 
atom of non-haloid nature occupies a peculiar position in the complex, while 
the remaining atoms of the complex, which are either all of the same kind 
or closely related, are most frequently either four or six in number. Start- 
ing from these facts Werner has used with success the so-called “Coordina- 
tion 1 hcory,” ‘ which he himself proposed, to explain the constitution of 
these compounds. According to this theory the halogen atoms are situated 
in space around the other atom of the complex, the “central atom^’; when 
they number four they may be supposed to be located at the corners of a 
square, and when they number six, at the corners of an octahedron which 
surrounds the ceiiv.al atom (see p. 100). Werner has, in constructing his 
theory, also introduced the idea of “st‘Condary valences’* which differ frcni 
the “principal valences” by being weaker and incapable of binding electrons. 
Thus aluminium, when its three principal valences are saturated W'ith fluo- 
rine, can bring into play its tliree secondary valences, and thereby bind the 
fluorine atoms in three molecules of sodium fluoride: 



The main advantages of Werner’s theory will be showm more clearly in 
specific cases, particularly in the chemistry of the complex cations. The 
attempts which have been made to ref)resent structural formulas of these 
substances, in accordance with the older theory of valence, now possess 
merely an historic interest; thus the formula of potassium ferrocyanide 
has been written as 


K 

hut these formulas correspond neither to the way the atoms arc combined 
in the compound, to the dissociation relations, nor to the tendency shown 
by the iron, cyanogen or potassiinn to ri\act. Similar statements hold true 
regarding many of the structural formulas of the silicates. 

102 . llydrofluosilieic Acid. 

The reaction, SiO., -f 4 ITF =- Sik\ 4 2 IFO, is reversible. When warm 
and in the presence of sulphuric acid, which has a dehydrating action, it 
proceeds from left to right. If, however, silicon tetrafluoride is brought in 
contact with a large amount of water, then silicic acid and hydrofluoric acid 

* For a full discussion of this theory see A. Werner, Ncuere Anschau- 
ungen auf dem Gebicte der anorganischen Cliemic, Braunschweig, 1909. 
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are formed, but the hydrofluoric acid combines in a secondary reaction with 
undccomposed silicon fluoride to form hydrofluosilicic acid: 

2 IIF -f SiF, » HJSiF^]. 

Place a mixture of 100 g. powdered fluorspar and 40 g. of pre- 
cipitated silicic acid, or 80 g. of sand, in a round-bottomed flask, 
and, while shaking, add 500 g. of concentrated sulphuric acid in 
small portions. Heat the mixture on a Babo funnel and conduct 
the escaping silicon fluoride into 1 liter of water by means of a dry 
delivery tube that dips directly into mercury which one-third fills 
a small beaker standing in the bottom of a large beaker containing 
the water. The lower end of the delivery tube should be made 
wider by sealing on a short piece of tube 1 .5 cm. in diameter. 
The mercury keeps the opening of this tube dry and thus pre- 
vents it from becoming clogged with silicic acid. If the water 
becomes too much thickened with silicic acid, remove a part of 
the liquid without interrupting the process, filter it t! rough a 
piece of linen laid in a large Buchner funnel, and return the fil- 
trate to the beaker. 

When the reaction is complete remove the silicic acid, as above, 
with a linen filter, and estimate the yield by analyzing a sample of 
the filtrate. Either titrate hot with (l.t-normaf sodium hydroxide, 
using phenolphthalcin as indicator, whereby the reaction is 
H^SiFe 4- 6 NaOH - 6 NaF -f H^SiO^ + 2 II^O, 
or else add to the solution an excess of neutral (uilcKim chloride 
and titrate the hydrochloric acid set free, using methyl-orange as 
indicator: 

H^SiFe + 3 CaCla + 4 II^O = 3 CaF. -f 6 HCl -f H^SiO^. 

Add some potassium'cliloride solution to another sample of the 
product; the difficultly soluble potassium salt separates, and, 
although the precipitate is barely visible at first, the liquid is 
eventually left in a jelly-like condition. 

103. Potassium Titanium Fiuoride, K 2 [TiF 6 ]. 

Allow 19 g. of titanium tetrachloride (No. 52) to flow very 
slowly from a dropping funnel into 20 c.c. of ice-cold water in a 
platinum dish. (Hood.) The dish must meanwhile be kept sur- 
rounded with ice. Add 30 g. of pure, 40-50% hydrofluoric acid 
to the mixture, and then a warm concentrated solution of 15 g. 
potassium chloride; the contents of the dish thereupon harden 
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to a crystalline paste. Evaporate to complete dryness on tHe 
water bath, to remove the excess of hydrofluoric acid, and recrystal- 
lize the difficultly soluble residue from water. Yield, about 20 g. 

104. Ammonium Plumbic Chloride, (NH 4 ) 2 [PbClfl]. Lead 
Tetrachloride, PbCl 4 . 

• Grind 10 g. of ^ad chloride, PbClj, with 20 c.c. of concentrated 
hydrochloric acia; after allowing it to settle for a short time, 
decant the solution together with the fine suspended solid; repeat 
the above treatment with the residue \intil all of the lead chloride 
is in solution or in a state of finest suspension in 200 c.c. of 
hydrochloric acid. 

Place mixtures prepared in this maimer in each of two 250- 
300 c.c. gas-wash-bottles, and while keeping the temperature at 
10°-15° and shaking occasionally, pass a slow current of chlorine 
through the two bottles placed in series. After about five hours 
all the lead chloride should be dissolved. If any remains, nWo^ 
the solutions to stand over night and then filter off any insoluble 
residue on asbestos. Combine the two filtrates in a 600 c.c. 
flask, cool the liquid with i(^c, and add ah ice-cold solution of cS g. 
ammonium chloride in <S() c.c. of water; after a short time a heavy, 
yellow, crystalline precupitate of ammonium plumbic chloride 
begins to sepai’ate. After several hours filter rapidly on a hardened 
filter, wash the precipitate with 50 c.c. of ice-cold alcohol and dry 
it at 50°. Yield, about 20 g. 

On treating a sample of the ammonium plumbic chloride with 
water, it decomposes immediately, forming brownish-black hydrated 
lead dioxide which remains to some exUnt in colloidal solution. 

Lead Tetrachloride, Mix 20 g. of ammonium plumbic chloride 
thoroughly, by means of a mechanically driven stirrer, with 60 c.c. 
of ice-cold, concentrated sulphuric acid. In a short time heavy, 
nearly colorless, oily drops of lead tetrachloride separate. By 
repeated decantation and stirring up with fresh portions of sul- 
phuric acid, it is possible to separate all of the ammonium sulphate 
from the oil, and the latter then settles as a fairly clear layer. If 
the oil is allowed to remain long in contact with the sulphuric 
acid, lead sulphate is formed. 

Lead tetrachloride decomposes with explosive violence when 
strongly heated. 
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105. Potassium Ijcad Iodide, K[Pbl 3 ] . 3 HjO. 

Potassium lead iodide is stalilo only when in contact with a cold, concen- 
trated solution of potassium iodide. If the solution is diluted with water, 
or even if it is merely heated, potassium iodide fjissolves out of the solid 
compound, and lead iodide remains behind. On concentrating and cooling 
the solution, the double salt is again formed. 

If a hot solution of 4 g. lead nitrate in 15 r.e. of water is mixed 
with a hot solution of 15 g. of potassium iodide in 15 e.e. of water, 
yellow lead iodide is at first precipitated. On cooling to room 
temperature, the crystals of lead iodide disappear and a very pale- 
yellow, felted mass of crystal needles is produced. On heating, 
the crystals of the double compound disappear with a re-formation 
of lead iodide; on cooling, the double salt is again produced. The 
change can be observed especially well if a drop of the hot solution is 
placed between a heated slide and cover glass under the microscope. 

If it is desired to obtain the dry salt, it should be collected on a 
filter, and, without washing, pressed between filter papers and 
dried in a vacuum desiccator. 

Potassium lead iodide possesses the remarkable property of 
being extremely soluble in acetone. If the preparation is treated 
while still moist with 10 to 15 c.c. of acetone, there is produced, 
even in the cold, a yellow solution from which the salt can be 
precipitated by addition of two or three volumes of ether. On 
evaporating the acetone solution, no well-formed crystals are 
obtained. If a few drops of this solution are allowed to evaporate 
on filter paper the salt is obtained in a state of very fine subdivision, 
in which condition it is ^tremely sensitive to the least traces of 
moisture. Even the rnmsture of the air suffices to decompose 
the salt in a short time; the yellow color of lead iodide which 
thereby appears indic^ates in the sharpest manner the presence of 
traces of water. If another paper prepared in the same manner 
is left in a vacuum desiccator over sulphuric acid, no noticeable 
yellow color appeal’s; on opening the desiccator, however, it 
develops immediately. 

106. Potassium Mercuric Iodide, • 2 1120. 

Precipitate mercuric iodide from an aqueous solution of 13.5 g. 
mercuric chloride by adding a solution of 16.6 g. potassium iodide. . 



POTASSIUM COBALTICYANIDE. 


. 145 


Wash the precipitate and then redissolve it in a fiot solution of 
J() p;. potassium iodide in 10 c.c. of water. Filter off the small 
amount of undissolvetl mercuric iodide and allow the double salt 
to crystallize in a vac.uum desiccator over sulphuric acid, breaking 
up occasionally the crust which forms over the surface. When a 
thick, pasty mass of crystals is obtained, drain off the liquid with 
suction, and without washing dry the light-yellow, prismatic 
crystals in a desiccator. Obtain more of the product from the 
motlun-liquor. 

Tvd-Tube Experiments. 1. Treat a little mercuric oxide with a 
few cubic centimeters of potassium iodide solution. A colorless, 
strongly alkaline solution containing potassium mercuric iodide 
and potassium hydroxide is produced. The formation of the com- 
plex salt makes it possible for the mercuric oxide to dissolve with 
the liberation of free potassium hydroxide (cf. No. 112). 

2. Heat a sample of the dry salt in a test-tube. In addition to 
a little water, mercuric iodide distils off and condenses in the yellow 
modification on the cooler part of the tube. After some fime, or 
more quickly on touching it with a glass rod, the sublimate changes 
into the red form, and this can again be changed into the yellow 
condition by heating (cf. Prep. 17). 

107. Potassium Cobaliicyanide, Kg[Co(CN)J. 

Triturate 30 g. of cobalt carbonate with a little water until it is 
thoroughly wet; then suspend it in 100 c.c. of water and dissolve it 
by adding a solution of 1 10 g. potassium cyanide in 400 c.c. of water. 
Oxidize the potassium cobaltocyanide tin# formed by drawing a 
vigorous current of air through the liquid for an hour.’ After filter- 
ing the dark-yellow solution, add to it 40 g. of glacial acetic acid 
and evaporate it to crystallization under a well-ventilated hood 
outside of the general laboratory. Drain the crystals, and wash 
them with alcohol of about 66% by volume. Work up the mother- 
liquor repeatedly as long as a sample of the crystals obtained gives 
a deep-blue solution whon heated with concentrated sulphuric acid. 
The easily soluble potassium acetate remains in the residual liquor. 
Recrystallize the combined fractions from a solution which is 
slightly acidified with acetic acid. Yield, about 60 g. The product 
may be used in No. 109. 
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108. Hydroferrocyanlc Acid, H 4 [Fc(CN)J. 

Hydroferrocyanic acid can be olitained pure without difficulty, and dif- 
fers in this respect from most of the related acids which are only stable in 
the form of their salts, Hydroferrocyanic acid is easily soluble in water 
and alcohol; but it can be readily precipitated as an addition product with 
ether, and the ether can be removed from the compound by h(‘ating it in a 
current of hydrogen at 80-90°. 

Treat a solution containing 42 g. of potassium bn'rocyaiiide 
(0.1 mol.) in 350 c.c. of water with 120 c.c. of concentrated hydro- 
chloric acid; if any precipitate of potassium chloride separates, 
redissolve it by bidding a little more water. Cool and add about 
50 c.c. of ether. After standing for several hours, colorle.ss, glisten- 
ing, microscopic crystals separate which should be drawn off and 
washed with dilute hydrochloric acid containing a little ether. To 
remove any admixed potassium chloride, dissolve the product in 
50 c.c. of alcohol, filter, precipitate again with 50 c.c. of ether, 
drain off the liquid, and wash the crystals with the ether. Bring the 
ether-hydroferrocyanic-acid compound into an Erlenmeyer flask, 
which is provided, with an inlet and an outlet tube, and heat it in an 
atmosphere of dry hydrogen at 80® to 90® on the water bath. The 
ether is removed in this way in about^an hour. Yield, about 12 g. 
The hydroferrocyanic acid ia nearly colorless at first, but it quickly 
develops a light-blue color by contact with the air. 

109. Addition Products of Complex Hydro-metal-cyanic Acids 
with Oxygen Compounds. 

Some of the hydro-metal-cyanic acids (hydroferrocyanic, hydroferricyanic, 
and hydrocohalticyanic acids) give with organic oxygen compounds the 
most varied cla^ises of more or less stable precipitates. ‘ It has been assumed 
that oxygen in these compounds is tetravalent, yet this is by no means 
proved. Some of these compounds have been analyzed, for instance that 
between one molecule of hydroferrocyanic acid and three molecules of fur- 
furol.* The result of recent investigations indicates that such precipitates 
consist in part of solid solutions, in part of crystalline double compounds.* 

1. Addition Products of Hydroferrocyanic Acid. Dissolve 2.6 g. 
of potassium ferrocyanide in 17 c.c. of wal^r, add to the cold solu- 
tion 8 g. of concentrated hydrochloric acid, and filter. 

^ V. Baeyer and Villiger, Ber, 34, 2687 (1901). 

* Wagener and Tollens, Ber. 39, 413 (1906). 

• McIntosh, J. Am.Chem. Soc. 30, 1097 (1908). 
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A little of this solution when treated with ether gives thin 
colorless tablets (compare the preceding preparation); with ben- 
zaldehydc and concentrated hydrochloric acid an amorphous 
precipitate is formed (microscope). 

2. Addition Products of H ydroferricijanic Acid. Prepare a 
solution of the free acid as above from 2.5 g. of potassium ferri- 
cyanide, 6 c.c. of water, and 7.5 g. of concentrated hydrochloric 
acid. A little of this solution gives with ether a brown, oily mass; 
with amyl al(!()h()l and a large amount of concentrated hydro- 
chloric acid, dull-yellow prisms; with benzaldehyde and hydj*ochl()- 
ric acid, small tablets which quickly become greenish yellow. 

3. Addition Products of H [idrocobalticj/cmic Acid. Prepare a 
solution of the free acid as above from 3 g. of potassium cobalti- 
cyaiiide (No. 107), 0 c.c. of water, anti 15 g. of concentrated 
hydrochloric acid. 

A little of this solution gives with ether, flat colorless needles; 
with benzaldehyde, short prisms. By shaking equal volumes of 
the hydrocobalticyanic acid solution and a solution of camphor in 
benzene for two hours, crystals are ol)tained of the composition 
2C,oH,oO.Hg[Co(CN)J.2 IlaO; the crystals may be washed with 
benzene and 20% hydrochloi’ic acid. 

110. Cobaltous Salt of Hydromercurithiocyanic Acid* 

Co[Hg(SCN)J. 

Prepare two solutions, one with 30 g. of mercuric chloride and 
44.*5 g. of potassium thiocyanate in 500 c.c. of water, and another 
with 20 g. of cobalt nitrate in 50 c.c. of water; then mix the 
two clear solutions; a shower of small, deep-blue crystals of the 
difficultly soluble double salt begins to fall at once. After standing 
12 hours, drain the crystals, wash them with water, then with 
alcohol, and dry the product in the steam closet. The yield is 
nearly quantitative. 

111. Potassium Cobaltothiocyanate, K 2 [Co(SCN) 4 ]. 

Prepare a hot, saturated solution of 14.5 g. of crystallized cobalt 
nitrate and 24 g. of potassium thiocyanate; let it cool, and after 
several hours remove the crystals of potassium nitrate which have 
separated and rinse them with 40 g. of amyl acetate, added in small 
portions, until they are nearly colorless. Add these washings to 
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the main part of the liquid in a separatory funnel and shake thor- 
ouf»;lily. Separate the two layem that form; this will re<iuire very 
close attention, since both are deep blue. Extract the aqueous 
layer once or twice more with 10 to lo c.c. of amyl accdate. To 
obtain a good product, it is necessary before evaporating the amyl 
acetate solution, to free it mechanically from drops of acpieous 
solution by pouring it back and forth into clean, dry beakers. In 
order to crystallize the salt, evaporate off one-tenth of the amyl 
acetate under the hood, and to the cooled solution add slowly 
50 T)0 .c.c. of low-boiling ligroin. Drain off the crystals, wash 
them with ligroin, and dry them over sulphuric acid. The product 
consists of deep-blue needles; when dissolved in water, it disso- 
ciates and a red solution is formed; upon the addition ofipotassium 
thiocyanate the dissociation is driven back and the solution 
becomes blue. 

112. Cadmium Iodide, Cd[€dl 4 ] (Autocomplex Compound). 

(.'admium iodide is, according to Hittorf, tha-'Cadmium salt of the com- 
plex hydro-cad mi-iodic acid, HgfCdlJ. A compound of this nature, in which 
one and the same metal exercises different functions, is known as auto* 
complex. (W. Biltz, 1902.) In harmony wdth the complex nature of cadmium 
iodide, the simple ions Cd*^"^ and I“show a strong tendency to combine with 
each other, as is illustrated, for example, by^the fact that when a solution of 
potassium iodide is treated with cadmium hydroxide, the liquid becomes 
strongly alkaline, due to the formation of undissociated cadmium iodide 
and potassium hydroxide. 

Allow several rods of pure zinc to stand for about 24 hours in 
contact with a solution of 26 g. crystallized cadmium sulphate in 
100 c.c. of water, until all the cadmium is precipitated as spongy 
metal. To test for complete precipitation treat a few drops of the 
solution with hydrogen sulphide; no cadmium sulphide should 
form. Purify the finely divided cadmium by boiling it repeatedly 
with water. 

Boil the cadmium with 24 g. of iodine and 50 c.c. of water, in a 
flask with return condenser, until all the metal is dissolved (I or 
2 houi*s). Then continue the boiling in an open flask to remove 
any excess of iodine, filter, and concentrate the filtrate to crys- 
tallization. Work up the mother-liquor. Yield, 30 to 35 g. of 
nearly colorless, lustrous plates. 

To show that the amount of cadmium ions in a concentrated 
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cadniium iodide solution is very small, treat the last mother- 
li(}iior with hydro^!;en sulphide. A slip;ht separation of cadmium 
sulpliide takes place after some time, but the precipitation is 
incomplete^ 


NITRITO ACIDS AND THEIR SALTS. 

113. Potassium Mercurinltritc, K3[IIg(N02) J . H^^O. 

Treat 43 g. of yellow mercuric oxide in a 500 c.c. flask with 71 g. 
of ])otassium nitrite and 240 g. of 10% acetic acid, and shake 
fre(|ueiitly until all is dissolved. Filter and concentrate the 
solution to crystallization on the water bath. The separation of 
crystals i^niuch aided by the cautious addition of some alcohol. 
Collect the crystals and work up the mother-liquor. Recrys- 
tallize the combined crude product from a little water to which a 
few drops of potassium nitrite solution have been added. Pale- 
yellow, lufftrous prisms, or plates, are obtained w^hich are easily 
soluble in water; by slow evaporation, crystal aggregates are 
sometimes obtained of finger length. 

The small content of mercuric ions in the solution of this salt is 
shown by its indifference tow’ard a solution of urea, or toward a 
cold sodium bicarbonate solution that is saturated wuth carbon 
dioxide; on the other hand, precipitates are produced by sodium 
carbonate and by sodium hydroxide. From this it follows that 
a potassium mercurinitrite solution contains mercuric ions in 
about the same concentration as a solution of mercuric chloride. 

114. Sodium Cobaltinitrite; Potassium Cobaitinitrite. 

Sodiiun Cobaltinitrite, Dissolve 50 g. of col^altous nitrate and 
150 g. of sodium nitrite in 150 c.c. of water. Cool the solution 
to 40° and, while shaking frequently, add 50 c.c. of 50% acetic 
acid, a little at a time. Then oxidize the cobaltous salt by draw- 
ing air through the liquid for half an hour (see No. 107). After 
some time filter off the precipitate, which consists of sodium cobalti- 
nitrite and perhaps a little of the corresponding potassium salt. 
Stir this precipitate with 50 c.c. of water at 70°“S0° and after 
10 minutes filter off the solution. Combine the two filtrates, and 
by introducing 350 c.c. of 96% alcohol from the jet of the wash- 
bottle while stirring, throw down the sodium cobaltinitrite from 
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the solution. After standing 2 hours collect the precipitate and 
wash it twice with 25 c.c. of alcohol. Yield, 51 to 52 g. 

Purify the crude product by recrystallizing it in three portions, 
each of which is stirred up with 1.5 times its weight of cold water. 
Filter off the small undis.solved residues, and precipitate each of 
the clear filtrates l)y injecting from *the wash-bottle, as ^above, 
50 c.c. of a mixture of alcohol and a little glacial acetic acid 
(70 : 1). Wash the precipitate with alcohol and ether, and dry 
it at a temperature not exceeding 80°. Yield, about 40 g. 

Potassium Cobaltinitrite, To the combined mother-liquors from 
the above, add potassium chloride solution until precipitation is 
complete. Collect, wash, and dry the yellow, crystalline precipitate. 

The aqueous solution of the readily soluble sodium cobaltinitrite 
is a useful reagent in testing for the presence of potassium ions. 

115. Potassium Tetranitrito-diammine-cobaltate» 
K[Co(N02)4(NH3)2]. 

Dissolve 10 g. of cobaltous carbonate in a barely sufficient* 
amount of hydrochloric acid, so that a trace of residue remains 
undissolved and the solution is only faintly acid. Dilute the 
solution to 200 c.c. with water and add 70 g. of ammonium chloride, 
whereupon the color changes from red to violet. Warm the 
liquid to 50° and add a solution of 100 g. of potassium nitrite in 
100 c.c. of water which is likewise warmed to 50° (use a large 
l)eaker on account of foaming). Maintain the mixture at 50° for 
half an hour and then place it in the ice-chest for 24 hours. Dull- 
brown crystals and a fine yellow powder separate; the latter may 
be removed by rotating the mass two or three times with 100 c.c. 
of cold water and each time pouring the liquid and the suspended 
matter away from the brown crystals. 

Dissolve the crude product in 150 c.c. of boiling water; filter 
and cool the filtrate at once, because the salt is decomposed in hot 
solution. The main part of the salt crystallizes on cooling; wash 
it with a little water and then with alcohol. The addition of 
alcohol and a little ether to the mother-liquor causes the remainder 
of the salt to pi:ecipitate, and this should be rccrystallized from a 
little water. Yield, 8 g. of ])rown, lustrous crystals. 

A cold saturated aqueous solution gives yellowish-l)rown prisms 
or rhombic leaflets when treated with mercurous nitrate solution. 
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CONDENSED ACIDS AND THEIR SALTS. 

Among the compounds with complex anions belong a great number of 
com])licated acids, many of them known only in the form of their salts. 
The acids may be imagined as produced by the condensation of oxy-acids 
with their own anhydrides or with the anhydrijdcs of other oxy-acids in the 
most Varied proportions; the components which come chiefly under consid- 
eration in this connection arc silicic, stannic, pliosphoric, vanadic, molybdic, 
and tungstic acids, and their anhydrides. Pyrosulphuric and pyrochromic 
acids may be regarded as the simplest type of the condensed acids, but 
with the reservation that the meclianism of the reaction assumed for their 
formation (separation of water from two molecules of the simple acid) does 
not of necessity hold for the other acids. It is better, therefore, to refrain 
froi^ attempting to ascribe rational formulas to such substances, and merely 
to give their constituents one after the other, as, for example, silicotungstio 
acid, 4 HaSida . 12 WO3 . 29 H2O. Of the more complicate compounds of 
this series, phosphomolybdic acid is the best known. A characteristic 
at many of the acids of this class is the ability (see discussion under No. 
109) to combine with ether. Use is made of this property in preparing 
the pure acids (cf. No. 117). In organic chemistry some of the con- 
densed acids arc used in precipitating bases of high molecular weight ; thus 
phospho-molybdic and phospho-tungstic acids serve in the detection of 
alkaloids. The latter is also used for separating the decomposition products 
of proteins, whereby the diarnino-acids give more difficultly soluble pre- 
cipitates than the monoamiiio-acids. 

116. Ammonium Phosphomolybdate, (NH4)3P04 • 12 M0O3 • H20. 

Treat a concentrated solution of 24 g. ammonium molybdate with 
concentrated nitric acid until the precipitate of molybdic acid 
first appearing has redissolved and the solution remains clear even 
on boiling. On adding a solution of 3.6 g. of sodium phosphate the 
well-known, yellow precipitate is produced. Wash this and dry 
it in the steam closet. Yield, about 20 g. 

117. Sllicotungstlc Acid, 4 IloSiOg . 12 WO 3 . 29 

First prepare silicic acid hydrogel by dissolving 50 g. of com- 
mercial, precipitated silicic acid in 12 g. of sodium hydroxide and 
50 c.c. of water, diluting to 200 c.c., heating to about 100°, and 
precipitating with hydrochloric acid. Dilute further with hot" 
water, drain the hydrogel on linen cloth in a large Biichner fynnel 
and wash with hot water. Stir up the hydrogel in a dish with 
hot water and again drain it on the linen cloth. 

Neutralize a solution of 50 g. pure, commercial sodium tungstate 
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ill 200 e.c. of water with about 80 c.e. of 2-ii()rnial sul])huric acid, 
using litnius paper as indicator. Have this solution boiling, add 
the hydrogel above obtained, and boil the mixture until a filtered 
sample no longer gives a yellow precipitate of tungstic acid when 
acidified with hydrochloric acid. During the boiling add a little 
2-iiorinal sulphuric acid whenever the solution beconu's alkaline 
(in all about 20 c.c.). This operation should take half to three- 
quarters of an hour. Water should be added from time to time 
to replace that lost by evaporation. Finally, filter the solution. 

Cool the filtrate, which amounts to about 200 c.c. in volume, and 
acidify it strongly by adding 10 to 20 c.c. of concentrated sulphuric 
acid. Again cool and add ether, little by little with constant 
shaking, until on settling in a separatory funnel three layers are 
formed: on top an ethereal, in the middle an aqueous solution, and 
underneath a thick, oily layer of a liquid compound of silieo- 
tungstic acid with ether (cf. No. 109). If this lowest layer does not 
form, or forms but incompletely, more sulphuric acid must be added. 
Allow the whole to stand over night, then draw off the bottom 
layer into a dry beaker, free it from drops of water by pouring it 
back and forth into dry beakers, and remove the ether by w^arming 
it for some time upon the water bath. Dissolve the residue in a 
little water, filter the solution, concentrate it to a small volume, 
and bring it to crystallization by surrounding the beaker with 
ice. If no crystals separate, the solution must be concentrated 
still further. Drain the crystals quickly from the licpiid; do not 
wash this product, but free it from mother-liquor by spreading it 
on an unglazed plate. After the crystals have become white on 
the porous plate, dry them completely by letting them remain in 
a vacuum desiccator over sulphuric acid. Yield, 13 to 14 g. 

When working with larger amounts of silicotungstic acid, large 
characteristic crystals can be obtained by slow evaporation in a 
vacuum desiccator. 

ORGAXOCOMPLEX COMPOUNDS. 

118 . Pota.ssium Ferric Oxalate, K 3 [Fe(C 304 ).J; Plantiotypes. 

Oxidize a .solution of 35 g. of crystallized ferrous sulphate in 
100 c.c. of whaler by boiling it with just the necessary amount of 
nitric acid (test with potassium ferricyanide). Dilute the liquid 
to 2 liters, add ammonia and wash the precipitate of hydrated ferric 
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oxide by decantation for several days, then collect it on a large, 
plaited filter and wash it with hot water. 

1 o a hot solution of 44 g. of crystallized acid potassium oxalate 
in lOO c.c. of water add the ferric oxide hydrogel a little at a time 
until no more will dissolve. Such a solution is sensitive to direct 
sunlight. Filter and concentrate the filtrate to crystallization, 
wash the emerald-green crystals wdth water and alcohol, and dry 
them in a vacuum desiccator over sulphuric acid. 

Platinotypes, 

Potassium ferric oxalate is changed by the action of light to potassium 
ferrous oxalate, and the latter reduces platinum salts to metallic platinum. 

Soak a piece of filter paper, the size of a photographic plate, 
with potassium ferric oxalate solution and dry it in the liot closet. 
Then place the paper in a shallow glass tray; wet it uniformly with 
about 2 d.c. of a 5% chloroplatinic acid solution, whereupon it 
turns yellowish red; and dry it again, avoiding any strong illumi- 
nation. Then expose it for about an hour to a medium light under 
a paper stencil in a printing frame. At tlie end of the exposure, 
only the outlines of the pattern are to be distinguished, but the 
print may l)C developed by placing it for about one minute in a 
warm solution of potassium oxalate. Fix the “ picture ” in dilute 
hydrochloric acid, wash it repeatedly wdth water and then dry it. 
If pota.ssium chloroplatinite is used instead of chloroplatinic acid 
the picture is developed of itself during the printing, but it should 
be fixed as in the preceding ca.se by w^ashing with dilute hydro- 
chloric a(rid and w’ater, 

119. Optical Rotation of Uranyl Larvo-malate. 

Aqueous, not too concentrated, solutions of ordinary malic acid rotate 
the plane of polarized light feebly toward the left. The presence of uranyl 
salts increases the extent of tlie rotation very considerably, imd this is presum- 
ably due to the formation of complex compounds, although such substances 
have not yet been isolated. For this experiment a sensitive polarizing appa- 
ratus with graduations is necessary. 

Prepare the following solutions: (I) 1.3 g. of malic acid in 10 c.c. 
of water; (11) 4 g. of uranyl nitrate in 10 c.c. of water; (III) 2 g. 
of potassium hydroxide in 20 c.c. of water. 

First mix 1 c.c. of (I) and 2 c.c. of (III) and dilute to 20 c.c. 
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Next prepare the same mixture of solutions (I) and (III)i add 
1.5 c.c. of solution (II) and dilute to 20 c.c. Determine in both 
samples the degree of rotation. If the polariscope is not very 
sensitive, use instead of the first mixture one which contains 6 c.c. 
of solution (I). * 

If c is the concentration of the malic acid, I the length of the 
tube (usually 20 cm.), and the angle of rotation read with 

lOO.ar 

sodium light, then the specific rotation is [a\jy = r— 


The 


experiment with malic acid gives for the value of [a^] about 
—3° with uranyl-malic acid, about — 475°. 



CHAPTER V. 


COMPOUNDS CONTAINING A COMPLEX POSITIVE 
* COMPONENT. 

The fundamental principles involved in the formation and dissociation of 
compounds containing complex cations are essentially the same as in com- 
pounds with complex #nions. For example, hcxamminenickelous bromide 
is formed as represented by the equation: 

NiHr, + 6 NII 3 [NiCNIIa) J Br^; 
hexaaquochromic cliloride : 

(.^rCl^ G 11,0 - [OrCIip) J Cl.,; 

ammonium chloride is formed either in a similar manner: 

NU 3 }-’hC 1 = [Nil 3 . II] Cl; 

or by the association of the ions: 

NII,-^ -f Cl- = NH.Cl. 

The last two equations, viewed in the light of Werner's theory of secondary 
valences (cf. page Ml), lead to the following structural formula: 

Compounds with complex cations dissociate according to reactions which 
are the reverse of the reactions of their formation; naturally both formation 
and dissociation may take place in stages. 

In the production of complex cations, ammonia and water come most 
frequently into consideration. Among the ammonia compounds, those in 
which ammonia, or a substituted ammonia, is joined to hydrogen (ammonium 
or sulistituted ammonium compounds) are to be distinguished from those 
in which ammonia, or a substituted ammonia, is joined to metal. The classi- 
fication which follows is based upon this distinction. 

Other complex-producing substances than those mentioned are less often 
met with. As representative of the compounds which they form, the nitric- 
oxide-metal compounds (cf. the well-known test for nitric acid with ferrous 
sulphate) may be mentioned, as well as the addition products with alcohol, 
ether, and ethyl acetate, which are similar in nature to the hydrates. 

155 
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AMMONIUM COMPOUNDS AND SUBSTITUTED AMMONIUM 

COMPOUNDS. 

120 . Dissociation of Ammonium Chloride. 

The fact that the vapor density determination of ammonium chloride 
shows the molecular weight to be but onc-half the formula weight, leads to 
the conclusion that the number of molecules is doubled by the dissociation of 
the substance into ammonia and hydrogen chloride. If the compound is 
volatilized into an atmosphere either of animonia or of hydrogen chloride, the 
dissociation is driven back in accordance w'ith the mass-action law — this 
phenomenon being especially pronounced when working at^ lower temper- 
atures and under rctluced pressure. In the complete absence of water the 
dissociation fails to take place, thus showing in a remarkable manner the 
catalytic effect of traces of moist un^. 

The dissociation of ammonium chloride may be demonstrated qualita- 
tively, by taking advantage of the greater velocity at which the lighter 
ammonia diffuses as compared with the heavier hydrogen chloride; the 
products of diffusion may l>e most conveniently separated by the use of a 
diaphragm. 

Fasten a piece of coinl)ustiou tubing, 20 cm. long, in a hori- 
zontal x>osition. Insert a loose plug of asbestos at the middle of 
the tube, and place about a gram of ammonium cdiloride on one 
side of the plug. Heat the asbestos diai)hragm and the ammonium 
chloride by means of a wide burner so that a slow sublimation 
takes place and the entire tube becomes filled with the vapors. 
After a few minutes test the gases at both ends of the tube with 
moist litmus paper. An acid reaction is shown on the side of 
the asbestos plug on which the solid salt was placed, while on the 
other side an alkaline reaction is obtained. 

121. Hydroxylamine Sulphate, [XH 20 H.H] 2 S 04 . 

Sodium nitrite and sodium bisulpliite react together in cold aqueous solu- 
tion, at first molecule for molecule, forming nilroHoaulphonatc of sodium: 

ON;ONa + it SOgNa - NaOII H- ON SO.Na. 

Then, by the immediate taking up of a second molecule of sodium bisul- 
phite, the stable sodium salt of hydrojcylamimdisuipfionic acid restilts: 

0N.S03Na + NalLSOa - HO- N(S03Na)2. 

If tlie solution is warm a thinl molecule of sodium bisulphite reacts and 
nilrilo-suiphormte of sodium is formed. 

When heated above 100° with water the sodium salt of hydroxylaminedi- 
sulphonic acid is hydrolyzed into hydroxylamine and sodium bisulphate: 

HO .NCSO^Na)^ + 2 H,0 « HONII^ + 2 NaHSO,, 
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and these substances interact to form hydroxylamine sulphate, [HONHjliSO^, 
and neutral sodium sulphate. The presence of barium chloride favors this 
reaction, since the sulphate ionl^ are thereby precipitated as fast as they are 
formed. The filtrate then contains, in addition to free hydrochloric acid 
only hydroxylamine hydrochloride, HONHa-IICI, and sodium chloride, and 
these can be separated by means of alcohol. 

Hydroxylamine is of great importance in organic chemistry, where it is 
used both as a reducing agent and as a reagent for the carbonyl groups of 
aldehydes and ketones: 

(CIl3)/JiO + lI,|NOH = ((^^^^^ H HaO. 

acetone acetoue-oxirnc 

Hydrazine (No. 122) and semicarbazid (No. 123) show a similar behavior: 

(CH3),C0 + HaN NHa = (CII,)/:! :N .NHa + 11^0 

hy<lrl,zine acetone-hydrazono 

2 (CH 3 ) 3 C 0 + H.N.NII 2 = (Cn,),C : N N: CXCHg)^ f 2 H^O 

acetone-azine 

(CIT,,)jCO + H^N NH CO NIIj = : N NH (’0Nn,+ H,0 

sciniearbaziiJe acctx)ne-HeinicarbazoiK^ 

Saturate a solution of 143 g. crystallized sodium carbonate in 
100 c.c. water with sulphur dioxide (from 150 g. copper and 600 g. 
concentrated sulphuric, acid), and allow the resulting solution to 
drop front a funnel into a very cold solution of 30 g. sodium 
nitrite in 60 g. water; keep the latter solution cooled by surround- 
ing the beaker with a mixture of salt and ice; at no time should 
the temperature of the liquid rise above 0°. Stir the mixture 
vigorously during the treatment, best by means of a mechanical 
stirrer. At the last, remove any excess of nitrite by conducting 
sulphur dioxide into the solution. 

Dilute the solution to one liter, place it in a round-bottomed 
flask, and heat it to boiling; upon a Babo funnel. To the boiling 
liquid add a hot solution of barium chloride (about 250 g. of the 
crystallized salt in 300 c.c. water), avoiding an appreciable excess, 
until a little of the solution on being filtered is found free from 
sulphate. The duration of this operation is about one hour. 
Allow the liquid to settle, filter and evaporate the filtrate, at first 
over a free flame and finally to dryness on the water bath. Break 
up frequently the crusts of salt which are formed, and draw them 
up on to the sides of the dish. Place the anhydrous residue in a 
flask and extract it three times by boiling it with alcohol, using 
200, 100, and 50 grams respectively of the latter; evaporate the 
alcoholic filtrate to a small volume, allow the solution to cool 
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completely, collect the crystals on a filter, and evaporate the cold 
mother-liquor to obtain more crystals. Recrystallize the crude 
product from half its weight of hot water. Yield, 10 to 14 g. of 
hydroxylamine chloride. 

Heat a trace of the hydroxylamine salt with Fehling’s solution; 
cuprous oxide is precipitated. 

Potassium Salt of II i/droxi/laminedisulphonic Acid, On add- 
ing potassium chloride to some of the solution of the sodium 
salt of hydroxylaminedisulphonic acid obtained in the course of 
the foregoing procedure, small crystals of the potassium salt 
HO • N : (SOgK^^jj are deposited. 

Aceioneoxime, (CHa)./"": NOH. Add a solution of 8 g. sodium 
hydroxide in 12 c.c. water slowly and with constant stirring, but 
without cooling, to a mixture of 14 g. hydroxylamine hydrochloride, 
12 g. acetone and 13 c.c. water. Acetoneoxime separates out as 
an upper layer which solidifies after standing for some time. 
After several hours pour off the aqueous solution and dissolve the 
oxime in ether, in which it is extremely soluble. Pass this solu- 
tion through a dry filter to remove any suspended drops of aqueous 
solution, and evaporate the ether on the water bath, taking the 
usual precautions. On cooling, the oxime solidifies in beautiful 
crystals; if desired, it may be recrystallized from a low boiling 
ligroin. Yield, 10 to 13 g. ^lelting-point 59°-G0° 

122 . Hydrazine Sulphate, SO^; Monochloramine, NHg Cl. 

Hydrocyanic acid, aa formed by the hydrolysis of potassium cyanide, 
unites in ac|ueous solution with two molecules of potassium bisulphite, form- 
ing aminomethanedisnlphonatc of potassium: ^ 

HCN + 2 II8O3K == IlfNIIJCXSO^K)^. 

By strongly acidifying the solution wdth hy<lrochloric acid, the difficultly- 
soluble acid salt is precipitated: 

H(NiyC(SOJI)SO,K. 

By ‘Miazotizing” the amido group, diazomethanedisulphonate of potassium is 
obtained : 

Ns 

II(NIIj)C(S03lI)S0,K + KNO, = || ^ C;(SOaK), + 2 HjO. 

N 

This salt is capable of adding on one molecule of potassium sulphite at the 
point of the nitrogen double bond, and the acid corresponding to the salt 



HYDRAZINE SULPHATE. 159 

thus formed breaks down with water, essentially into sulphur dioxide, carbon 
dioxide, and hydrazine sulphate: 

H.N 

I . CCSOaH), + IW « (HaN.NH2)HaS04 + CO^ + 2 SO*. 

HSO 3 .N hydrazine sulphate 

Saturate a solution of 75 g. potassium hydroxide in 300 c.c. of 
water with sulphur dioxide. To the solution of potassium bisul- 
phite thus preT^ared add 50 g. of powdered potassium cyanide 
(98-99%) while shaking; the yellow color of the bisulphite sol- 
ution disappears, and the mixture becomes somewhat heated. 
After all the cyanide has dissolved, heat the solution on the water 
bath, and when, after some time, the liquid has become alkaline, 
acidify it cautiously with hydrochloric acid. Repeat the cautious 
additions of hydrochloric acid until the solution has become 
permanently acid. This operation reciuires from 1.5 to 2 hours, 
and in all about 30 c.c. of concentrated hydrochloric acid are 
necessary. Finally, add an additional 150 c.c. of concentrated 
hydrochloric acid and allow the mixture to stand in the ice-chest, 
when 60 to 80 g. of the crystals of acid potassium aminomethane- 
disulphonate are obtained. Collect this product on a filter and 
wash it with water. 

Treat this salt in* separate portions of 23 g. each as follows: 
stir each portion to a paste with 34 c.c. of water and then add to 
it a solution of 10 g. potassium nitrite in 6 c.c. water. The tem- 
perature of the mixture rises slowly to 40"^“ 50° and within 10 or 
15 minutes all of the solid salt has passed into solution. JIake the 
solution alkaline with a little caustic potash and allow it to cool; 
about 18 g. of potassium diazomethanedisulphonate are deposited 
from each portion in the form of orange-yellow needles. 

Dissolve the latter salt in a solution of an equal weight of* 
crystallized sodium sulphite in tw^o-thirds as much water; make 
the solution alkaline by the addition of a little sodium carbonate 
solution and then warm slightly until the color hafe disappeared. 
Finally, decompose the salt of the trisulphonic acid» by adding an 
amount of 20% sulphuric acid equal to five times the weight of 
the salt. When the liquid no longer smells of sulphur dioxide, 
filter it and allow it to cool, whereby the hydrazine sulphate 
crystallizes out. Obtain a further yield from the mother-liquor 
and recrystallize the entire crude product from water. Yield, 
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about 40% of the weight of the^ potassium diazomethanedisul- 
phonate. Dependent preparation: Sodium Hydrazoate, No. 72. 

Monochloramihe, NH 2 CI; Hjidrazme Sulphate according to 
Raschig} 

Ammonia is chlorinated by the action of sodium hypochlorita in dilute 
aqueous solution: 

NIT, f NaOCl = NII,C1 + NaOH. 

The monochloramine thus formed reacts with more ammonia to form hydra- 
zine chloride: 

NH/n + NH, = H^N . mi, . IICl. 

Place 600 g. of ice Jind a cold solution of 85 g. of sodium hy- 
droxide ill 160 c.c. of water in a one-liter bask, weigh the flask and 
contents, wrap the flask in a towel, and pass in a rapid current of 
chlorine until the gain in weight is exactly 71 grams; avoid an 
excess of chlorine. Then on diluting to one liter, an approximately 
molal solution of sodium hypochlorite is obtained. 

Mnnochlor amine. Add 50 c.c. of this sodium hypochlorite 
solution to a mixture of 25 c.c. 2-normal ammonia and 75 c.c. of 
water. The liquid ceases to smell of ammonia, and in its place a 
peculiar, penetrating odor of monochloramine is noticeable which 
is similar to that of nitrogen chloride. Nitrogen is evolved from 
the solution at the same time, owing to the fllct that monoclilora- 
mine decomposes slowly in an aqueous solution according to the 
following equation: 

8 NH 2 CI = N,, + NH 4 CI + 2 HCl. 

Hifdrazine Sulphate. Mix 200 c.c. of 20 % ammonia, 5 c.c. of 
a 1 % gelatin solution, and 100 c.c. of the above prepared molal 
sodium hypochlorite in a one-liter Erlenmeyer flask, heat the 
mixture immediately to boiling, and boil it for half an hour. The 
solution is thereby concentrated to about one-half its originjfl 
volume. Cool it, then add 20 c.c. of 2 -normal sulphuric acid, and 
surround the flask with ice. Hydrazine sulphate crystallizes out 
in the form of glistening, transparent crystals which are obtained 
pure by recrystallizing from water. Yield, 5 to 6 grams. 

This process, which is very interestirifi: from a theoretical standpoint, is 
now used technically for the production of hydrazine sulphate, whereby the 
cost of the latter has been considerably reduced. 
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1!^. Semicarbazide Hydrochloride. 

From ammonia and cyanic acid urea can be obtained, with the interme- 
diate formation of ammonium cyanate. From hydrazine, which is an amino 
substituted ammonia, semicarbazide 

c= o 

^NH.NIIa 

an analogous substituted urea is obtained. Semiearbazide, like free hydra- 
zine, condenses with carbonyl groups (cf. Introduction to No. 121), and the 
semicarbazones thus formed being difficultly soluble, serve for the detection 
and isolation of carbonyl-containing compounds. 

Dissolve 130 g. hydrazine sulphate and 54 g. anhydrous sodium 
carbonate in 50 c.c. of water, warm the solution to 50°-60®, and 
then add a solution of 86 g. potassium cyanate in 500 c.c. water. 
The next day filter off the fetv grams of secondary product which 
have separated, treat the filtrate with 120 g. of acetone and allow 
the mixture to stand in a flask, with frequent shaking, for another 
24 hours. Drain the precipitated salt, and evaporate the mother- 
liquor to dryness on the water-bath, stirring towards the end. 
Place the entire amount of the salt in an automatic extraction 
apparatus, and extract it thoroughly with alcohol, in which the 
acetone-semicarbazone is more soluble than in acetone; a few 
cubic centimeters of acetone should be mixed with the alcohol. 
The acetone-semicarbazone crystallizes in the distilling flask of 
the extraction apparatus. After it is drained and washed with a 
little alcohol and ether, it melts at 186^-187°.. Crystallize the 
remainder of the salt by evaporating the alcoholic mother-liquor 
somewhat and adding a little ether. Yiehl, 80%. 

•The above product can be transformed quantitatively into 
semicarbazide hydrochloride, as follows: Warm the acetone- 
semicarbazone gently with concentrSted hydrochloric acid in the 
proportion of 11.5 g. of the former to 10 g. of the latter until the 
solid is just dissolved. On cooHng, the solution solidifies to a 
thick paste of colorless, well-formed needles. Drain the product 
with suction and wash it \y\th a little alcohol and ether; it melts at 
173° with decomposition. To the mother-liquor, add double its 
volume of alcohol, and bring the rest of the salt to crystalliza^on 
by adding ether. 
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124. Millon’s Base. 

Millon's base, IlgoNOH .2 HgO, is formed by the action of mercuric oxide 
upon an ammonia solution. Since, by merely heating, this compound is 
changed first to the monohydrate and then to dimercuriammonium hydrox- 
ide, HgjNOH, it follows that in Millon's base itself the mercury is probably 
united to the nitrogen atom, as is unciuestionably the case in the dehydration 
product. Whether the water is present in the compound as water of crystalli- 
zation, or whether it is combined by atomic valences, has not been established. 
In the latter case Millon^s base would be regarded as dihydroxydimercuri- 
ammonium hydroxide (T) and its first dehydration product as oxydimercuri- 
ammonium hydroxide (II) ; 

iiong\ /Hg\ 

;nh,oii (I) o' ^nii,oii (ii). 

noiig / ^ iig ^ 

The ability of mercury to replace hydrogen in certain compounds, with the 
formation of substances like the alcove, which are stable in presence of water, 
is also apparent in several series of mcrcuiy organic compounds. 

Treat a solution of 25 g. mercuric chloride in 200 c.c. of water 
at 70° with a solution of 7.5 g. sodium hydroxide ip 20 c.c. w^ater, 
wash the resulting precipitate several times by decantation, 
collect it on a suction fdter and wash it further with water. Mean- 
while prepare a carbonate-free solution of ammonia by distilling 
a mixture of 150 g. concentrated ammonia with 20 g. ()f lime, first 
placing 100 c.c. of cold water in the receiver. Introduce the 
moist mercuric oxide into this ammonia solution and allow the 
mixture to stand with frequent shaking for a day or two in 
the dark. Collect the product on a suclion filter, wash it with 
water, alcohol and finally with ether, and dry it at the temperature 
of the laboratory. 

Salts of Millon's Base. 

When solutions of ordinary salts are treated with Millon's base, salts of the 
latter, which are very difficultly soluble, and free metal hydroxide, are formed. 

Shake a little of Millon^s base with a dilute solution of potassium 
iodide. The solution becomes alkaline, and the brown residue is, 
in all probability, identical with the well-known precipitate 
obtained in the test for ammonia with Ne,ssler^s reagent. Filter 
the solution through a double filter of hardened paper, and clarify 
the turbid filtrate by shaking it with pieces of torn filter paper and 
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again filtering. The solution, after being acidified with nitric 
acid, gives no precipitate with silver nitrate. 

A dilute solution of copper sulphate, or one containing ferric 
chloride, when shaken with Millon^s base, is entirely freed from all 
dissolved salt. 

OxydimercAiriammonium hydroxide. Spread 10 g. of Millon's 
base in a thin layer on a watch-glass and allow it to dry for five 
days over lime a desiccator, adding in the first place 0.5 to 1 c.c. 
of concentrated anlmonia to the lime so that an atmosphere of 
ammonia is produced. The product is explosive. Clamp a test- 
tube containing a f^rnall amount of the substance in an upright 
position and heat it behind the low'crcd window of the hood. 

METAIr-AMMONU COMPOUNDS. 

The importance of the mctal-ammonia compounds lies in their great 
number, ‘ in their stability, and in the significance of the theoretical questions 
pertaining to tliem. Among the best known of these compounds are those 
containing trivalent cobalt, chromium, rhodium and iridium. Metal-ammonia 
compounds are formed by addition of gaseous ammonia to the solid salts, 
or by the union of tlie two components in solution. 

The first method, inasmuch as it represents the combination of two sub- 
stances of widely different volatility (very difficultly volatile metal salt and 
gaseous ammonia), otters opportunity for the 
investigation of these substances from the 
standpoint of heterogeneous equilibrium. 

According to the laws of heterogeneous equi- 
librium, every substance which gives off a 
gaseous decomposition product hajj at a given 
temperature a perfectly definite decomposition 
pressure that is independent of the amount of 
the decompt)sing substance. Or, what signifies 
the same thing, it possesses, at a constant 
pressure (e.g. atmospheric pressure), a defi- 
nite decomposition temperature which may 
be compared with the boiling-point of a liquid. In an atmosphere of ammo- 
nia at 760 mm. pressure, the compound Zn(NH 3 ),jCl 2 decomposes at .59®, 
losing two molecules of NH„ and in the same way the cornpouml Zrq'NHg)/"!. 
decomposes at 89.5° and Zn(NIl 3 ) 2 Cb at 269° (Fig. 22). By starting with 
the compound richest in ammonia and heating it progressively in an atmos- 
phere of ammonia, a loss in weight is first observed to take place at 59°, which 
corresponds to the escape of two molecules of ammonia; after this the weight 

' Werner estimates the number of compounds of the general formula 
MXn(NH8)m as 1700. 
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remains constant until the second decomposition point, 89.5®, is reached. On 
overstepping this point a third constancy of weight is maintained until at 
269® the remaining ammonia molecules escape and the weight above this 
temperature corresponds to that of the ammonia-free salt. It is evident that 
the existence of ammonia compounds of this nature may be discovered by 
means of systematic investigations carried out in thjs manner. 

The second metliod of preparing complex metal-ammonia compounds, i.e. 
by the combination of metal salt and ammonia in aqueous solution, has been 
up to the present time the one most used. It should be noted, however, that 
the principal form in which the complex salt exists in the solution is not 
necessarily that form in which it crystallizes out. Tlie determination of the 
stoichiometric composition of dissolved metal-ammonia salts in the presence 
of an excess of ammonia is possible by a combination of different physico- 
chemical methods (solubility measurements, and determinations of ion con- 
centrations by measuring the electromotive force). Thus it has been found 
that the composition of the silver-ammonia ion which preponderates in 
aqueous solution is [Ag(NH 3 )J'^, whereas the salt separating from such a solu- 
tion has the formula 2 Ag(’l. 3 NH^. 

The question, with which of the components of the salt is the ammonia 
combined, can be answered l)y the physico-chemical behavior of tlie com- 
pound (conductivity and transference number) and also in a purely chemical 
way. A solution of a cupric salt to which an Excess of ammonia is added 
possesses a deep-blue color instead of the usual light-blue of copper ions, and 
the addition of sodium hydroxide solution no longer causes a precipitation of 
cupric hydroxide. From this, and from the fact that electrolysis of the solu- 
tion causes copper to migrate as before towards the negative pole, the con- 
clusion is drawn that the copper ions have disaf)peared and been repl.aced by 
new cations containing copper, and that these can have been formed only by th(j 
adding of ammonia to the copper. The investigation of other metal-ammonia 
salts has Itjd to corresponding results: ammonia is usually found in thecation.‘ 

Whether other components than ammonia take part in the fomiation of 
the complex ions is ascertained, first by conductivity measurementb, from 
which the number of ions contained in the solution is determined, and 
second by chemical reactions from which the composition of tlui ions can be 
deduced. If the molecular conductivity, a, of 1 normal or J/500 normal 
solutions at 2 .')° is compared as follows: * 

Co(NH,) « X., Co(NH ,,),X 3 Co(Nir 3 ) , X 3 Co(NH 3 ) 3 X 3 

a 402 24.5 117 7 

and at the same time the conductivity of the following types of simple salts 
under the same conditions: 

Na 3 P ()4 Mgf^a NaCl 

a 370 249 125 

' For exceptions to this general rule see No. 1 15 and p. 109 (top). 

* These values are taken from measurements on [Co(NH 3 ), 5 ]Br 3 , 
[Co(mi,),Bv] Bro , [Co(NIl 3 ) ..Cl^lBr, and [Co(NH 3 ) 3 (N 03 ) 3 ] Werner and Miolati; 
Z. phys. Chem. 12 , 35 (1893); 14 , 506 (1894); 21 , 225 (1896). 
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19 taken into consideration, it follows that the first of the above complex 
Balts must be a quaternary electrolyte, the second a ternary one, the third a 
binary one, while the fourth is not an electrolyte at all; this is expressed by 
the following formulas: 

[Co(NH 3 )e]X 3 [Co(NIl 3 ),X]X, [Co(NHJ,XJX [Co(NH 3 ) 3 X:J 

A confirmation of this view is furnished by the chemical reactions of 
the compounds. ' If, for example, X is a halogen, then in a solution of the 
compound [Co(NII only two-thirds of the bromine is precipitated 

by the addition of silver nitrate. In a similar way it has been found, in 
numerous cases, that the deductions from conductivity measurements are in 
accord with the chemical behavior of substances, and thus it is shown that 
in addition to ammonia, also certain atoms and radicals which usually act as 
anions (e.g. the halogens, NOj, and CO^) may participate in the formation of 
complex cations. 

In one scries of metal-ammonia salts the compounds as they exist in the 
solid state contain water which cannot be removed without destroying the 
compounds. This water remains as a constituent of the salts even when 
their negative components are replaced by others, anrl it must therefore 
belong to the cation (cf. No. 134) 

[CoCNHJJUOlCr, 4- SAgNOa = [Co(NIl3),.H,0](N03)3 -f 3 AgCl. 

The water apparently plays the same part in these compounds as ammonia 
in the first-mentioned series, as is evident from the fact that the conductivity 
is not materially changed when molecules of ammonia in one of the above 
compounds arc replaced successively by water molecules: 

[Co(NIl3)o]13r3 [Co(NH3),TT20]Br3 [Co(NH3)..(lI/))3]Br3 

« 402 300 3S0 

Besides ammonia a number of other substances of similar nature, such as 
ethylene diamine and pyridine, often take part in the formation of compl(*x 
cations. 

A comparison of the composition of a large number of complex com- 
pounds which have been carefully studied from difTerent points of view has 
shown that here, as in the case of the complex anions, the number of atoms 
or atomic groups which are attached to a single metal atom is in a majority 
of cases cither four or six. \\'erner‘ accounts for this by assuming here also 
that the constituents forming the complex are situated around the central 
metal atom either in the four corners of a square or in the six corners of an 
octahedron. The ever-recurring co-ordination numbers 4 and 0 would thus 
be a measure of the available space around the central atom, but they are quite 
independent of the valence of this atom. This space, which Werner desig- 
nates as the “ inner sphere ” is characterized by the fact that no components 
can be dislodge<l from it by electrolytic dissociation and that the whole is 
able to take part in chemical reactions exactly in the same way as an indi- 

* Neuere Anschauungen auf dem Gebiete der anorganischen Chemie, 2nd 
Ed. Braunschweig 1909. 
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vidual metal atom. The valence of the complex is equal to the difference 
between that of the central atom and the valence of the attached acid radi- 
cals. If the valences of the acid residues are sufficient to satisfy that of the 
central atom, then the total valence of the complex is zero, i.e. the sub- 
stance is a non-electrolytc, c.g. trinitrito-triammiiie-cobalt.* (No. 139.) 

N omcnclalure. ~ Before the constitution of the metal-ammonia com- 
pounds was known certain scries were designated according to their external 
characteristics* (e.g. color, in roseo salts and purpureo salts) while others 
were named after the discoverer (e.g. Magnus* salt). Werner, after formu- 
lating his theory, proposed a ration.al system of nomenclature which is now 
(piite generally adopted. According to this system the names of the con- 
stituents belonging to the complex cation arc placed before the name of tho 
metal and are arranged in the following order: first the acid radicals; then 
any groups which behave in the same manner as ammonia; and lastly, just 
preceding the metal, the ammonia itself. The acid radicals arc given the 
suffix “a” while ammonia is designated by the term “ammiViC,” and water 
contained in the complex is designated as aquo. The number of each kind of 
constituent is indicated by the appropriate prefix, di, in', etc. The com- 
plete name of the cation is commonly printed as a single word. The anions are 
designated in the usual way and follow the name of the cation. Further 
particulars will be evident from a study of the examples in the accpmj)any- 
ing tables, pp. 107 and 108. 

isomemm. It is apparent from the tables on the following two pages 
that in certain cases two compounds exist which have the same empirical 
composition, and the same molecular weight, but still have different prop- 
erties (isomerism). The existence of such isomers leads here, as in all 
similar cases, to the assumption that there is a definite spatial arrangement 
of the various parts of the molecule and gives justification for the arbi- 
trary assumption that the constituents of the “inner sphere** which sur- 
rounds the central metal atom are actually situated at the corners of a square 
or of an octahedron. Two different pairs of substituents are manifestly 
capable of two different arrangements at the corners of a square: 

NII,\ /Cl /Cl 

1.2 or cis-position 1.3 or trans-position. 

If, however, three sulistituents in a square are the same and the fourth 
different, such an i.somerisin is impossible. The actual lack of isomers in the 
latter case and their existence in the former, strongly supports the above 
assumption. 

Similarly, the isomerism of the tw^o dinitritotetramminecobaltic series is 
explained by the use of the corresponding octahedral formulas (cf. No. 138). 

As has already been stated, the external valence of the complex is equal to 
the difference between the valence of the metal and the total valence of tho 
acid radicals contained in the complex. This external valence may become 
zero, or even negative when the valence of the acid part of the complex 
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^ Recently Wemer has designated the group NO2 in the complex as nitro (1907). 
2 See Introductory part to No. 138. 
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preponderates. In the ^ llowing scries of seven cobalt compounds, the valence 
of the complex change^ progressively from three positive to three negative: 
[Co(NH3)JCl3 [Co(K f3)«NOJCl3 [Co(NH3),(N03)JCl [Co(NH3)3(N03)3] 

K [Co(NIl3)3(N03y J (No. 115) K, [CoCNH.,) (NO^I J 
K3 [Co(N03)J (No. 114). 


The binding power for potassium, or in other words the affinity for nega- 
tive electrons, is occasioned by the valences of the nitrite radicals. The bind- 
ing of these nitrite groups within the complex takes place in part by means of 
the secondary valences (cf. pp. 141 and 155). 

-l-K* 

K 


NO, To- NO.:- - 

'-no:- - 


so that of the six nitrite groups attached to the cobalt, three are held by the 
principal valences and three by the .secondary valences of the metal. Ina.s- 
much as the secondary valences are weaker than the principal ones, this view 
corresponds well with the formation of potassium cobaltinitrite from potas- 
sium nitrite and cobaltic nitrite, and with its manner of dissociating. For 
the further development of this theory, which leads to the conception of 
“indirect combination," the work of Werner already cited should be con- 
sulted. 


1 ^ 35 . Silver-ammonia Sulphate [Ag(Nll3)2]3 SO4. 

Diamminesilver sulphate can be prepared in the solid form although this 
is not possible with the corresponding chloride (cf. p. 1G4). 

Treat 10 g, of silver nitrate with 31 e.e. of 2-normal sulphuric 
acid and heat the mixture in a small evaporating dish on an air 
bath, until no more acid vapons are given off. While still hot 
dissolve the perfectly dry resi<lue in the least amount pos.sibIe of 
concentrated ammonia (Hood). Filter the solution and allow it 
to crystallize. Kccrystallize the crude product from water con- 
taining a little ammonia. Yield, about 5 grams of colorless, 
columnar crystals. 

Analyze the product by determining the silver as Agt/l and the 
ammonia by distilling with caustic soda ami titrating the dis- 
tillate. 

126 . Tetramminecupric Sulphate, [CuCNHg)^] SO4.H2O and Ammo- 
nium Cupric Sulphate, CuS04.(NH4)2 SO 4.6 H./). 

The first of the.se s:ilt.s may be regarded as ordinary blue vitriol in which 
four molecules of water have been replaced by ammonia. The fifth mole- 
cule of water evidently has another function from that of the other ‘four, 
cf. p. 1S9 (top). 
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dissolve 50 g. of powdered copper vitriol in & mixture of 75 c.c. 
concentrated ammonia and 50 c.c. of water and precipitate the 
deep-blue solution (fimt^filtering it through asbestos if necessary) 
by the gradual addition of 75 c.c. alcohol. After standing for 
sonje hours in the cold, filter off the dark-blue crystals with suc- 
tion, and wash them first with a mixture of equal volumes of 
alcohol and* concentrated ammonia and finally with alc6hol and 
ether. Dry the salt at the laboratory temperature. Yield, 
almost quantitative. 

Ammonium Cupric Sulphate crystallizes on cooling from a hot 
solution of 25 g. copper vitriol and 13.25 g. ammonium sulphate 
in 40 c.c. of water. Recover the last portions of the salt by con- 
ceiitratirig the mother-liquor. The yield is almost quantitative, 
and consists of large, light-blue crystals. The aquecMS solution 
of the salt gives a precipitate of cupric hydroxide on being 
treated with sodium hydroxide. The salt belongs to the large 
class of monoclinic double salts which crystallize with six mole- 
cules of water. 

127, Tetramminocuprlc Chloride, [CuCNHgl^JCIs.HgO. 

In order to prepare this salt, which is readily soluble in water, 
conduct ammonia gas through a wide delivery tube into a warm 
filtered solution of 17 g. crystallized cupric chloride in 15 c.c. of 
water. The ammonia gas is obtained by heating 100 c.c. of con- 
centrated ammonia solution gently and passing the gas through 
an empty wash-bottle to free it to some extent from water vapor. 
The mixture V)ecomes heated to boiling as a result of the reaction, 
and it should therefore be cooled somewhat to prevent too much 
ev'aporation. When a clear, deep-l)lue solution is ol)tained add 
8 c.c. of alcohol and again saturate the Ii(pnd with ammonia, this 
time cooling it with ice. Drain the deposited salt on a hardened 
filter, wash it with alcohol to which a little concentrated ammonia 
has l)cen added, then with pure alcohol and finally with ether, 
and suck it as dry as possible. Yield, 15 to 18 grams. The 
preparation must l)e placed immediafely in a stoppered bottle, 
as it loses ammonia on standing in the open air. The addition 
of the alcoholic washings to the mother-liquor causes the pre- 
cipitation of a few grams more of finely-divided and consequently 
lighter-colored product. 
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128 . Hexammlnenlckelous Bromide, [Nl(NH,),]Br2. 

Hexamminenickelous bromide can be used*^ in makjng. cobalt-frea prepa** 
rations of nickel such as are required for atomic weight determinations. 
Tlje corresponding cobalt salt is far more soluble. The raw material used 
and the final product obtained should be tested qualitatively for coballlr 

' Pour a solution of 141 g. crystallized nickel sulphate in 4 liters 
of water into a large flask and add a solution of 41 g. sodium 
hydroxide in 200 c.c. of water. Wash the resulting, voluminous, 
light-green precipitate by decantation; let it settle as much as 
possible, then siphon off the supernatant liquid and fill the flask 
again with distilled water; repeat this process from time to time 
for from three to five days. Collect the washed precipitate upon 
a large plaited filter and dissolve it in an aqueous solution of hydro- 
bromic acid containing about 82 grams of the acid.^ Evaporate 
the filtered solution to dryness on the water-bath, take up the 
residue in as little water as possible, cool the soliitign to 0° with 
a mixture of ice and salt and then treat it with concentrated 
ammonia; an abundant precipitate of violet, micro-crystalline 
flakes is obtained and the liquid becomes colorless. After stand- 
ing for a short time at collect the crystalline mass on a suction- 
filter, wash it carefully with ice-cold ammonia (to remove any 
cobalt present), and dry it in a desiccator over lime whiclvis 
mixed with a little solid ammonium chloride. The yield is almost 
theoretical. If desired the preparation can be carried out on a 
smaller scale. 


129. Carbonatotctramminccobaltic Nitrate, 
[Co(NH 3 ),C 03 ] NOg-iH^O. 

When cobalt salts are treated out of contact with the air with an excess of 
ammonia, hcxarnminecobaltous salts are formed. If such a solution is 
mixed with a large amount of ammonium carbonate, oxidized by the air, and 
then evaporated to a small volume with the addition of more ammonium 
carbonate, crystals of carbonatotctramminccobaltic salt are produced. 

Dissolve 20 g. of coUalt carbonate in as little concentrated 
nitric acid as possible and dilute the solution to 100 c.c. (or 50 g. 
of crystallized cobaltous nitrate may be dissolved in an equal 
amount of w’^ater). 


1 Cf. No. 35. 
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Dissolve 100 g. of ammonium carbonate in 500 c.c. of water in 
a 1-liter flask, add 250 c.c. of concentrated ammonia, and into 
this solution pouu the above prepai‘ed solution of cobalt nitrate. 
Draw a stream of air through the deep-violet-colored liquid in the 
manner described under No. 107. At the end of three hours, 
pour the liquid, which is now of a blood-red color, into a porce- 
lain evaporating dish, and concentrate it to about 800 c.c., adding 
5 g. of powdered ammonium carbonate every fifteen minutes 
(about 25 or 30 grams in all). Filter the solution immediately 
from any small amount of sediment and boil it down to 200 c.c., 
still continuing to add ammonium carbonate in small quantities 
(about 10 g. in all during this final evaporation). Allow the 
liquid to cool and collect the large, purple crystal-plates which 
separate out. Wash the crystals with a little water, then with 
dilute alcohol and finally with pure alcohol. Recover a crop of 
impure crystals by concentrating the mother-liquor; extract this 
product at the laboratory temperature with 15 times its weight 
of water, and precipitate the salt from the filtered solution by 
gradually adding two to three volumes of alcohol. Collect 
this precipitate and wash it as directed above. Total yield, 22 to 
25 grams. 

130. Chloropentainminccobaltic Chloride, [Co(NH 3 ) 5 CI]Cl„ from 

the preceding. 

The preparation of chloropent.amininccobaltic chloride from the carhon- 
atotetrammiiie salt is an example of the replacement of certain constituents 
in the complex by means of others. On acidifying an atpieous solution of 
the carl)onatotetramriiine salt with hydrochloric acid, there is formed, for the 
most part, chloroaqnotetrammiiiecobaltic chloride. Tliis is changed on being 
heated in anammoniacal solution, into aquopcntammiiiecobaltic chloride, and 
the latter on being acidified with hydrochloric acid is converted into chloro- 
pentamminecobaltic chloride. This is one of the best and longest-known mem- 
bers of the entire series, and has, on account of its color and chlorine content, 
been called cliloropnrpureocobaltic chloride. 

Add concentrated hydrochloric acid (about 4.5 c.c.) to a solution 
of 3 g. carbonatotetramminecobaltic nitrate in 40 c.c. of water 
until all the carbon dioxide has been expelled. Then make the 
solution slightly animoniacal; thereupon add an excess of 5 c.c. 
concentrated ammonia and heat the solution for three-quarters 
of an hour on the water-bath. After cooling add 50 c.c. of con- 
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centrated hydrochloric acid and heat the mixture once more for 
an hour on the water-bath. Drain the violet-red salt which 
separates and wash it with alcohol. Yield, 1.5^ to 2.5 grams. 

131, Chloropcntamminccobaltic Chloride from Cobalt Carbonate. 

By oxidizing a strongly ammoniacal solution of hexamminccobaltous 
chloride containing a large amount of ammonium carbonate, carbonato- 
tetramminoco})ab'f; chloride (cf. No. 129 ), aquopeiitammine cobaltie chloride, 
[Co(NH3) rTT20] ( i.i, and oxycobaltammine chloride [Co202(NH3),„]Cl4 are 
formed, liy adding ammonium chloride in considerable quantity to the solu- 
tion and evaporating, the last mentioned compound is converted into chloro- 
pcntamminecobaltic chloride, or into aquopontaniminecobaltic chloride. 
These substances, like carbonatotetramminecobaltic chloride, can be con- 
verted into chloropentamniinecobaltic chloride (cf. preceding preparation). 

Dissolve 20 g. of cobalt carbonate in as little hydrochloric acid 
as possible and treat the filtered solution in the cold with 250 c.c. 
of 10% ammonia and 50 g. of ammonium carlximite dissolved in 
250 c.c. of water. Oxidize the mixture ])y passing through it a 
rapid current of air for thi’cc hours (cf. No. 107). Then add 150 g. 
of ammonium chloride and evaporate the solution on the water- 
liath until it liecomes of pasty consistency. Acidify with hydro- 
chloric acid, while stirring, until no more carbon dioxide is evolved 
and then make ammoniacal once more, adding 10 c.c. of con- 
centrated ammonia in excess. After diluting to 400-500 c.c. 
heat the mixture again on the water-liath for an hour. Add 300 c.c. 
of concentrated hydrochloric iiv\d and leave the solution on the 
water-bath until, at the end of from half to three-quarters of an 
hour, a separation of chloropentamminecoiialtic chloride takes 
place. After cooling, filter off the crystals and wash them with 
dilute hydrochloric acid. 

For purification, dissolve the crude product in 300 c.c. of two 
per cent ammonia solution, \vhereby aquopentamminecobaltic 
chloride is formed (cf. No. 134), extract the residue twice with 
50 c.c. of the same ammonia solution, and precijiitato the filtrate 
l)y adding 300. c.c. of concentrated hydrochloric acid and heat- 
ing the mixture for three-quarters of an hour on the water-bath. 
After it has become perfectly cold, filter off the salt, and wash it 
with dilute hydrochloric acid amf alcohol. Yield, 30 to 34 grams, 
which is nearly the theoretical quantity. 

Since nickel docs not form any similar salt, this gives a means of preparing 
a nickel-free product from impure cobalt preparations. 
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Reactions, A cold, concentrated, aqueous solution of the above 
salt when treated with hydrochloric acid yields short, red crystals 
after standing some time. Mercuric chloride causes the imme- 
diate precipitation of long, rose-red needles -of the composition 
[Co(NIl3)5Cl]Cl2.3 IlgClo. Potassium chromate gives brick-brown 
crystals. Potassium pyrochromate causes the slow formation of 
clusters of fine, orange needles, or of large flat prisms; ammonium 
oxalate slowly yields well-formed, red prisms which can be seen 
under the microscope. 

132. Sulphate and Nitrate of the Chloropentamminc Series. 

Acid Chloropentamininccohaltic Sidphatej [(!o(NH^)r,Cl] 2 iH^O^) 2 SO^, 
Triturate 5 g. of chloropentamminecobaltic chloride with 12 g. 
of concentrated sulphuric acid in a mortar, whereby hydrogen 
chloride is evolved. Dissolve the mass in 40 c.(*. of water at 
70° and filter. On cooling the solution, long, thin fuchsine-red 
prisms arc deposited.* The crystals become larger if they are 
allowed to stand for several days in contact with the mother- 
liquor because smaller crystal grains are slightly more soluble 
than larger ones and therefore dissolve slowly, while the larger 
crystals grow still larger. Wash the crystals with absolute 
alcohol and dry them in the hot closet. Yield, 3 grams. 

When the alcoholic washings are added to the mother-liquor 
a fine, dull-red, crystalline meal of the same salt is precipitated. 
Dissolve it in a little warm water, cool the solution and precipitate 
,the nitrate by adding concentrated nitric, acid (Mass-action). 
Recrystallize in order to obtain a purer prodiuit. Small dull-red 
crystals. 

Reactions. The solution of the pure sulphate gives no precipitate 
when treated with silver nitrate at the room temperature; on 
heating, however, some silver chloride is thrown down, but even 
on boiling, the reaction is incomplete. On the other hand, the 
sulphate radical, not being contained in the complex, gives at 
onf?e a quantitative precipitation with barium chloride. The 
nitrate shows a similar behavior towards silver ions; the solution 
becomes turbid only on boiling. ^ 

' In the analysis of the salt, chlorine and sulphate are determined 
after the substance has been decomposed by boiling with caustic 
soda; cobalt is weighed as sulphate after igniting the salt and 
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heating the residue with concentrated sulphuric acid; ammonia 
is estimated in the usual manner by distilling with caustic soda 
and titrating the distillate. 

133. Hexamminecobaltic Salts, [CoCNHg),,] Xg (Luteocobalt Salts). 

1. Liitcocohalt Chloride. Place 10 g. of chloropcntammine- 
cobaltic chloride, J g. of ammonium chloride, and 100 c.c. of 20% 
ammonia solution in a soda-water bottle (pressure-flask), and 
stopper it tightly. Wrap the bottle firmly in a towel, fasten it to 
a wooden handle and heat it for six hours in a pail of boiling water, 
shaking thoroughly once every two hours. Since a strong pres- 
sure prevails in the bottle, this part of the process should be 
carried out outside of the general lal)oratory, and before each 
shaking the mixture should be removed from the bath and allowed 
to cool somewhat. At the eml of the heating the chloropent- 
ammine salt must have disappeared almost entirely. When 
cold open the l)ottle, pour the contents into an evaporating dish, 
and let it stand 24 hours in the open air, or under the hood, to 
allow the ammonia to volatilize. Dilute j;v4th 300 to 400 c.c. of 
water, add 50 c.c. of concjcntrated hydro(4iloric acid and heat the 
mixture in a flask for an hour on the water-bath. Add 250 c.c. 
more of concentrated hydrochloric acid and cool rapidly, while 
shaking, under the water-tap. Drain the yellow precipitate on 
a hardened filter paper and wash it with 20% hydrochloric 
acid. 

,To purify the first product, dissolve it in as little cold water^as 
possible (about 5 g. of the chloride dissolves in 100 c.c. of water), 
filter the solution from any residual chloropentamminecobaltic 
chloride, and precipitate the yellow filtrate (keeping the liquid 
cold) by the gradual addition of half its volume of concentrated 
hydrochloric acid. Yield, 8 to 10 grams. 

Reactions. A cold, saturated, aqueous solution of the luteo- 
chloride when tifeated with ammonium oxalate yields the very 
difficultly soluble oxalate which consists of small, light-brownish- 
yellow, irregular crystals. With mercuric chloride a voluminou^, 
light-pink double salt, [Co(NH3)JCl3.3HgCl2.H20, is at once 
thrown down. Potassium chromate immediately precipitajtes 
brownish-yellow clusters of needles. Potassium pyroql;ironaate 
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causes the immediate separation of a pi'ecipitate which under the 
microscope is seen to he crystalline. 

2. Luteocobalt Nitrate bt/ the Iodine Method. Dissolve 24 g. 
of cobalt carbonate by warming it with a just sufficient amount of 
dilute nitric acid, filter, and dilute the solution to 100 c.c. Add 
200 c.c. of concentrated ammonia, heat the solution to boiling, 
and oxidize the salt by adding 25.4: g. of iodine, which must be 
introduced slowly at first. A vigorous reactfon takes place and a 
pale yellowish-brown precipitate of luteo salt is formed. All the 
iodine should bemadded in the 0001*80 of half an hour. Allow the 
liquid to cool and after it has stood about two hours filter off., 
the precipitate and wash it with water containing ammonia. Then 
boil the salt with 200 c.c. of approximately 50% nitric acid, where- 
by iodine is set free which can be recovered to some extent by 
means of two funnels, one placed in the flask and the other inverted 
over it to form a double cone. When all the iodine has been 
expelled, filter off the precipitate, drain it with suction, wash it 
with water containing nitric acid and finally with alcohol, and dry 
it in the hot closet. Yield, about 22 grams. 


131. Aquopentamminocobaltic Salts, [Co(NH 3 ) 5 tt, 0 ] CI 3 (Rosco- 

cobalt Salts). 

Chloropentamminecohaltic chloride dissolves in ammonia, forming aquo- 
pentan)minecol)altic chloride. If this solution is precipitated warm with 
hydrochloric aci<l, the chloropontammine salt is formed again, but if the 
hydrochloric acid is added slowly and the solution kept very cold, aquopeiit- 
amminecohaltic chloride separates. Tjes.s care need be taken in the prepa- 
ration of the difficultly soluble aqiiopcntamminecobaltic oxalate. Aquopent- 
ammine salts are also formed by the oxidation of hexaramiiiecobaltous salts 
by potassium permanganate. 

1. Dissolve 10 g. of chloropentammiiiecobaltic chloride in a 
liter flask by shaking it with 300 c.c. of 5% ammonia and heating 
upon the water-bath. Filter, if necessary, and then cool the solu- 
tion to about 0°, first by holding the flask under running water 
and then by surrounding it with ice. While rotating the flask and 
keeping its contents cold, add strong hydrochloric acid from a 
dropping-funnel, a few drops at a time, until the solution reacts 
acid. Filter and drain the bright-red, crystalline precipitate; 
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wash it first with a little 50% alcohol then with pure alcohol 
and dry it in a fairly warm place. Yield, 10 grams. 

2. To a cold solution of 20 g. crystallized cobaltous chloride 
in 360 c.c. of water, contained in a 1500 c.c. flask, add 110 c.c. of 
concentrated ammonia and then 10 g. of potassium perman- 
ganate dissolved in 400 c.c. of water. Sliake the mixture a 
number of times, and, after it has stood for 24 hours, filter off the 
slime of hydi-at- d manganese dioxide. Neutralize the filtrate 
with dilute hydro(;hloric acid, and while keeping it cold by surround- 
ing the vessel with ice, precipitate the product by the gradual 

, addition of a mixture of three volumes of concentrated hydro- 
chloric acid and one volume of alcohol. Wash the precipitate 
with alcohol. Yield, 12 to 15 grams. 

3. Purification of A<piopentamminecohallic Chloride. Dissolve 
the crude product, prepared according to either 1 or 2, in cold, 
2% ammonia, using 75 c.c. for each 10 g. of the salt; filter off the 
slight residue of luteo salt, and, while keeping the solution cold 
with ice, precipitate the roseo salt by the gradual addition of con- 
centrated hydrochloric acid. Drain the precipitate and wash 
it with a mixture of equal parts concentrated hydroc.hloric acid 
and water, then with alcohol, and dry it in a warm place. 

4. AquopentamminccohaUic Oxalate. Dissolve 10 g. of chloro- 
pentamminecobaltic chloride in a flask with 75 c.c. of water and 
50 c.c. of 10% ammonia, heating on the water-bath. After cool- 
ing the deep-red solution to the room temperature, filter it and 
treat with a solution of oxalic acid until a precipitate begins to 
form, then continue to add the reagent very carefully until the 
solution is just acid. Filter, and wash the salt with water. 

To purify the product, dissolve it as directed under 3, and re- 
precipitate the salt by the careful addition of oxalic acid solution. 
Drain the precipitate, wash it with water, then with alcohol, and 
dry it in a warm place. Yield, 9 grams of purc^ substance. 

5. Aquapentamminecohaliic Chloride from Aquopentammincco- 
haltic Oxalate, Cover 10 g. of aquopentamminecobaltic oxalate 
at room temperature with 30 c.c. of water and dissolve the salt by 
the addition of 50 c.c. of normal hydrochloric acid. Cool the solu- 

' The separation of liitco salt present as impurity is here more complete 
than according to procedure 3, because its oxalate is much more insoluble 
than its chloride. 
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tion with ice to about 0® and precipitate it very slowly by allow- 
ing 100 c.c. of concentrated hydrochloric acid to flow upon it 
drop by drop. Drain off the bright red precipitate and wash it 
first with hydrochloric acid diluted to one-half and then with 
alcohol. Yield, about 8 g. of perfectly pure aquopcntammineco- 
baltic chloride. 

135. Dibromotetrammlnecobaltlc Bromide, [Co(NH 3 ) 4 Br 2 ]Br, 
(Dibrompraseo Salt). 

Place 20 g. of carbonatotetrainininecobaltic nitrate in a flask, 
shake it with SO g. of concentrated hydrol)roniic acid (cf. No. 35) 
and continue to shake while heating slowly over a free flame. 
The mass -evolves a large amount of carbon dioxide and changes 
at first to reddish-brown, then j)ale-brown, and finally to a dull- 
green. When the color ceases to change, allow the mixture to 
cool to room temperature and add 50 c.c. of cold water, which 
serves to dissolve a little admixed bromoaquotetramminecobaltic 
bromide. Drain the precipitate on a hardened filter and wash 
it with cold water until the filtrate is no longer reddish- violet but 
comes through colorless. Yield, 24 grams of a very fine, light- 
yellowish-green, difficultly-solublc powder. 

Dissolve a portion of the powder in warm, dilute ammonia, 
acidify with hydrobromic acid, and heat for half an hour on the 
water-bath. The salt is thereby transformed into bromopent- 
amminecobaltic bromide, [CoCNHg)^^’]]^^, which is a very 
finely granular, reddish-violet precipitate. 

136. 1.2 Dinltritotetrammiiiecbbaltlc Salts, [Co(NH3)4(N02)2] X 
(Flavocobalt Salts.) 

Flavocobalt Nitrate, [Co{NH^)JJ<l02)-^NO^. Dissolve, with- 
out heating, 10 g. of carbonatotetramminecobaltic nitrate in a 
mixture of 100 cc. water and 14 g. of 40 % nitric acid (sp.* gr. 
1.25), whereby a blood-red solution of diaquotetram^iinecobaltie 
nitrate is obtained. Add 20 g. of crystallized sodium nitrite to 
this solution, little by little, and place the flask containing the 
mixture in a bath of boiling water for 7-8 minutes, or until the 
color of the solution has become deep brownish-yellow, then 
immediately cool under the water tap and add 130 cc. more of 
the 40 % nitric acid. This causes foaming and a strong evolution 
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o? nitric oxide. The next morning, drain off the precipitate of 
mixed acid and neutral flavonitrato and wash it first with a little 
nitric acid and then with alcohol. Yield, 8-9 grams. 

To purify the salt, recrystallize from 25 cc. of water slightly 
acidulated with acetic acid. Collect the light-brown, crystalline 
flakes, or prisms, which are obtained, and wash with 50 % alco- 
hol, then with pure alcohol, and dry at a gentle. heat. Yield, 6.5 
grams. 

Reactions, A cold, saturated solution of flavonitrate (3 g. in 
100 cc. water) gives with potassium chromate a crystalline pre- 
cipitate of irregularly indented leaflets which are crossed and 
branched at right angles (microscope). With potassium pyro- 
chromate small clusters of fine needles at once precipitated, 
which arc inclined towards one another like the branches of a fir 
tree. 

Flavocohalt Chloride^ [Co{NH 0^)^]CI, Dissolve 1 g. of 
flavonitrate in 30 cc. of water, warming gently; add 2 g. of 
ammonium chloride and filter if necessary. Then gradually add 
100 cc. of alcohol to the mixture and after standing 24 hours filter 
off the small, deep-yellow crystal leaflets. Wash the product 
with dilute alcohol, then with pure alcohol, and dry it in the hot 
closet. Yield, 0.9 gram. 

137. 1.6 Dlnitritotetrainininecobaltlc Chloride, [Co(NH 3 ) 4 (NO.,) 2 ]Cl 
(Croecocobalt Chloride). 

. To a cold, filtered solution of 100 g. ammonium chloride and 
135 g. sodium nitrite in 750 cc. w^ater, add 150 cck of 20 % ammo- 
nia and 90 g. of col)altoiis chloride dissolved in 250 cc. of water. 
Draw' air through this solution (cf. No. 107) for four hours, whereby 
the color, which is at first a w’eak, broAvnish-green, changes to 
green with a tinge of yellowy and a precipitate is formed. After 
standing for 12 hours filter off this precipitate and w\ash it with 
water until 4hc last w^ashing, on being treated with ammonium 
oxalate, stirred, and allow'cd to stand for some time, shows no 
precipitation. To purify the product which still contains some 
nitrate, divide it first into portions of 20 grams; then dissolve 
each portion in 40 cc. of hot water containing a little acetic acid, 
filter the solution quickly through a plaited filter and immedi- 
ately precipitate the salt from the filtrate by adding a solution of 
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40 g. ammonium chloride. Cool the mixture and after letting it 
stand 24 hours filter off the j^ellow crystals, wash them with 
90% alcohol until the washings barely give a test for chloride, 
then with pure alcohol, and dry the product in a desiccator. The 
yield is varialde. 

Jicactions. A cold solution of croceochloride on being treated 
with potassium chromate gives a yellow precipitate of short, 
blunt crystals; with potassium pyrochromate there appears, (but 
only after shaking some time) a deposit of sliort leaflets which are 
frequently grouped together in the foi*m of stars (microscope). 
On being treated with nitric acid, yellow, feathery crystals of the 
difficulty-soluble nitrate are farmed (0.25 g. of the latter dissolve 
in 100 cc. of water at the room tem])erature). 

138. Comparison of the Isomeric Dinitritotetrammineeobaltic 

Salts. 

The difference between the flavo ami croceo salts, in both of which the 
complex has the same empirical formula, [(b(Nll 3 )jX 2 ], can he explained 
according to Werner’s theory by assuming that the substituents in tlie “inner 
sphere” arc arranged differently in space. It is evident that if the con- 
stituents of the complex are placed around the central cobalt atom some- 
what as the corners around the middle point of an octahedron, there are two 
possible arrangements; either the two constituents, X, whicli arc different 
from the other four, are arrangetl^opposite to one another and an? connected 
by the hypothetical axis of the octahedron (trans-positioti), or they arc situ- 
ated side by side and are joined by one edge of the octahedron (cis-positioii) . 
If the corners of the octahedron are numbered from one to six, as shown below, 
then the first arrangement may be designated as UO and the latter as 1*2. 



1, 0: trans-position 1,2: cis-position 

The usefulness of the above conception of isomerism is shown, among 
other ways, by the fact that it does not allow isomers to exist of the com- 
plexes in which only one of the substituents is different from the others; 
in reality no sueli isomers have been observed. On the other hand, it has not 
yet been positively proved which series of compounds corresponds to the 
tram and which to the cis arrangement, (cf, A. Werner, Lehrbuch der Stereo- 
chemie, Jena. 1904). 
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A. Both tialts are Teirammine Compounds. Dissolve some of 
each salt separately at the laboratory temperature in concen- 
trated sulphuric acid and allow the deep-violet solutions to stand 
for 12 hours. Then add to each, while cooling with ice, some- 
what more than an equal volume of concentrated hydrochloric 
acid, drop by drop, until the further addition causes merely 
a slight effervescence. Two days later dec.^nt the liquid from 
the small, glisteuing, green crystals, shake the latter with alcohol, 
drain them on a hardencfl filter and wash them with more 
alcohol. Doth preparations are identical and consist of dichloro- 
tetramniinecobaltic acid sulphate (praseo salt). To establish 
the identity, transform each portion either into (*hloropeiitamminc- 
cobaltic chloride (1) or into chloroaquotetramniinecobaltic 
chloride (2); 

1. Dissolve small portions of each preparation in dilute ammo- 
nia l)y healing gently. Add (ioncentraled hydrochloric acid 
little by little to the purplish-red solutions and then heat for half 
an hour on the water-bath. This brings about an almost quanti- 
tative separation of chloropentamminecobaltic chloride in the 
form of minute ciystals whic.h can be identified by the reactions 
given in No. 131. 

2. Dissolve a small portion of ea(!h of the praseosulphate 
pn^parations in water by heating gently, and when the solutions 
have turned a deep, violet-red, which takes place after standing 
for some time in the cold or more quickly if warm, add an equal 
volume of alcohol and some concentrated hydrochloric acid. 
Let stand for 12 hours more and then collect the precipitate on 
a filter. The chloroaquotetrammine salt is veiy similar externally 
to the chloropurpureo salt, but differs from it in the following 
reactions; mercuric chloride gives well-formed (crystals only 
after standing for some time; potassium (chromate and pyro- 
chromate likewise yield precipitates only after long standing, or 
not at all. 

B. Distinguishing Reactions. Boil small portions of the salts, 
each with 1 cc. of concentrated hydrochloric; acid. The flavo 
salt gives a green precipitate of praseo salt and the solution . 
acquires a bluish color. The croceo salt, on the other hand, 
gives a dull-red precipitate of chloronitritotetramminecobaltic 
chloride. 
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’ To prepare somewhat larger amounts of these la# substances, 
dissolve 0.5 g. of the flavo or crocco salt iir 10 cc. of concen- 
trated hydrochloric acid. After 12* hours filter, drain and wash 
• the precipitate, first with hydrochloric acid diluted with an equal 
volume of water, and finally with alcohol. Yield; 0.4 g. of each. 
The chloronitritotetramminecobaltic salt dissolves readily in 35 cc. 
of cold Avater and rccrystallizes upon the addition of 70 cc. of 
concentrated hydrochloric acid to the filtrate. The prasco salt, 
which decomposes very easily, can be recrystallized by dissolv- 
ing it quickly in about 200 cc. of cold water, cooling the filtrate 
with ice and salt, and slowly introducing 70 cc. of concentrated 
hydrochloric acid. 

139, Trinitritotriammineeobalt, [Co(NH3)3(N02 gj. 

Dissolve 45 g. of crystallized cobalt chloride in 125 c.c. of 
water. Dissolve 50 g. of ammonium chloride and 67 g. of sodium 
nitrite without heating in 375 c.c. of water and add this, together 
with 250 c.c. of 20 9( ammonia, to the fii’st solution. Conduct 
a rapid current of air through the mixture for four hours (cf. No. 
107). Divide the thick brown solution in three evaporating 
dishes and allow it to stand three days in the open air or under 
the hood. Filter off the crystals wdiich separate and wash them 
with cold water until the washings are nearly free from cliloride. 
Yield, ab3ut 35 g. 

Divide the crude product between two filters and extract it 
with 1.0-1.25 liters of hot water containing a little acetic acid. 
On cooling, yellow to yellowish-) )rown (crystals of trinitrito- 
triammineco))alt separate from the clear filtrate. Yield, 
20-25 g. 

Solutions of this substance do not conduct the electric current 
nor do they give precipitates with mercuric chloride, with oxalates, 
or with chromates. 

140. Hoxammlnechromic Nitrate, [Cr(NH 3 )J(N 03)3 and Chloro- 
pentamminechromic Chloride, [Cr(NH 3 ) 5 Cl]Cl 2 . 

Anhydrous chromic chloride, when in contact with liquid ammonia, takes 
up partly five and partly six molecules of ammonia. The hexammine sftlt 
dissolves readily when the mixture is treated with cold water, and from the 
filtrate the nitrate can be precipitated by the addition of nitric acid. The 
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chloropentati^inc chloride, on the other hand, docs not dissolve in the cold 
water, but can be purified by suitable recrystallization.^ 
^ 4 (GhloropentamminccIiroiriic chloride (chloropurpureochromic chloride) fur- 
nishes an excellent illustration of the fact that the charactcristiq properties of 
these complex compounds are often less influenced by the nature of the metal 
present than by the type of combination. Chloropurpureochromic chloride 
is so similar to chloropurpurcocobaltic chloride that it is necessary to decompose 
the substances completely in order to prove that the metal is different. 

Generate anraonia by heating 500 g. of concentrated ammonia 
solution on a Babo funnel, dry the gas by passing it through two 
towers filled with lime and through a I>tu])e containing sodhirn 
hydroxide, then condense it to a liquid in an Erlenmeyer flask 
containing 8 g. of finely powdered, anhydrous chromic chloride 
(No. 43). In order to exclude carbon dioxidc*from the condens- 
ing flask, this must be closed with a^^topper and provided with an 
inlet and an outlet tube. For the cooling agent use a mixture 
of carbon-dioxi de-snow and ether (temperature about — 80°) 
placed in a small l)eaker, which in turn is ))laced within a larger 
beaker so that an inclosed air space between the glass walls 
shafl act as an insulator. 

When the cliromic chloride has combined with the liquid 
ammonia, forming a i*eddish-))rown mass, stop the operation and 
allow the excess of ammonia to evaporate from an open dish. 
Triturate the residue with 30 c.c. of ice-cold water, filter and wash 
the undissolved salt with a little cold water until tl\e filtrate runs 
through of a reddish color. Add concentrated nitric acid to the 
filtrate, which precipitates luteo-chromic nitrate. Again filler, 
dissolve the salt in a little warm water containing a few drops of 
nitric acid,*and, by the addition of more nitric acid, precipitate 
out the crystalline hexamminechromic nitrate. Yield, about 7 g. 

The residue from the treatment with ice water consists of chloro- 
purpureochromic chloride. Roil it in a beaker with comentrated 
hydrochloric acid, cool, add some water, collect the salt on a 
filter and wash it with a little cold water. Then dissolve the 
salt as quickly as possible at 50° in 400-500 c.c. of water contain- 
ing a few drops of sulphuric acid. Filter the solution at once 
through a large plaited filter and add an equal volume of con- 

^ For a method of preparinc: chloropurpureochromic chloride without the 
use of liquid ammonia, cf. O. Christensen; J. pr. Chem. (2) 23 , 54 (1881) and 
S. M. Jorgensen, ibid, 20 , 105 (1870). 
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centrated hydrochloric acid. Allow the beautiful fed crystals 
which separate to stand an hour in contact with the mother- 
liquor, then drain them and wash first with 20 % hydrochloric 
acid (1 pt. cone. HCl : 1 pt. H 2 O), then with alcohol, and dry the 
product in a desiccator. Yield, about 5 grams. 

Transformation of the Luteo Salt into Chloropurpureo Salt. 
Mix a solution of hexamminechromic nitrate, dissolved in cloven 
times its weight of hot water, with an equal volume of concen- 
trated hydrochloric a(ad and boil gently for from thirty minutes to 
an hour. When the licpiid has V)Ccome cold, filter off the precipi- 
tated chloropentammine (chromic chloride and wash it as above. 

141. Tetrammilieplatinous Chloroplatinitc, [PtCNlla)^] PtCl^ (Green 

Salt of Magnus). 

This salt, which was first prepared by Magnus, and according to Werner’s 
system of nomenclature should be called tel rammineplatinous chloroplatinitc, 
can be precipitated from a solution of chloroplatinous acid by ammonia or 
from a solution of tetrammilieplatinous chloride by chloroplatinous acid. 

Reduce a hot solution of 2 g. commercial chloroplatinic acid 
(HJHCIq . 2P120) in 7 c.c. of water very carefully by the addition 
of dilute sulphurous acid, a little at a time and toward the last 
drop by droj); wait before each fresh addition until the odor of 
sulphurous acid has entirely disappeared (when the reaction is 
nearly complete this requires some time), and test whether a drop 
of the reddish-yellow solution will still give a precipitate when 
brought in contact with ammonimn chloride on a watch glass. 
An excess of sulphurous acid would decolorize the solution and 
form hydroplatinosulphurous acid.* When a preci})itate is no 
longer obtained with ammonium chloride, or at most but a slight 
one, heat the solution of chloroplatinous acid to boiling and pre- 
cipitate the salt of Magnus in the form of dark green needles by 
adding an excess of concentrated ammonia. The amount of 
precipitate increases consideraVdy as the solution cools, and some- 
times, besides the above salt, which settles rapidly to the bottom 

^ The platinum could Ijc recovered from this decolorized solution in the 
form of the salt ammonium platinosulphite (NH ^)2 f(S 03 ) 2 Pt]. HgO by making 
alkaline with ammonia, evaporating to about 10 cc. on the water-bath, fil- 
tering, replacing the evaporated ammonia with a few drops of concentrated 
ammonia solution, and precipitating with alcohol. Beautiful white needles 
(J. Liebig, 1829.) 
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of the beaker, a little of a yellowish, crystalline substance is 
formed which probably has the formula [Pt(NH 3 ) 2 Cl 2 ]; this last 
compound does not settle so leadily and can be decanted off with 
water. Purify the prodiu^t by draining it with suction and wash- 
ing with water, alcohol !ind ether. The yield is slight (about 0.25 g. ) 
because the greater part of the platinum has remained in the 
mother-liquor as tetrammineplatinoiis chloride. Add three times 
its volume of alcohol to this solution, filter and redissolve the 
precipitate (which is contaminated with ammonium chloride) in 
30 c.c. of hot water. Precipitate Magnus^ salt from this boiling 
solution by adding chloroplatinous acid (prepared by reducing 
1 g. of (diloroplatinic; acid in the manner described above) until no 
more green precipitate is formed. This second preci})itation of 
the salt is usually of very small crystals and lighter colored than 
the first. The total yield is about 1 .3 grams (theoretical 1.7 grams). 

142. Tetramminoplaliiioiis Chloride [Pt(Nn 3 ) 4 ] Cb. 

This salt, which was formed as an intermediafe product in the 
pre(‘eding preparation, may be obtained pure by the prolonged 
action of ammonia u])on Magnus’ salt. 3'reat one gram of the 
latter with 40 c.c. of ammonia in a small flask, and boil for one or 
two hours with a return-flow condenser until finally, after the 
addition of 20 c.c. more of ammonia, practically all of the salt has 
di.ssolved. Add four times its volume of alcohol to the filtered 
solution, concentrate it on the water-l)ath, filter off the brownish 
turbidity which forms, and billow the solution to crystallize. 
Free the crystals fi’om mother-licpior by pressing them on a porous 
plate; then recrystallize the product after fiivst clarifying the 
solution with a little bone-charcoal. About 0.3 g. of pure white 
crystals are obtained. 

143. Isomers of Dichlorodiammlneplatlnuiii, [Pt(NH 3 ) 2 Cl 2 ]. 

The two isomers having the formula [Pt(NH 3 );,('l.J (of. page lOS) have been 
known respectively as the (liloridc of the Second Base of Reiset and the Salt 
of Peyrone; according to Blomstrand'a system of nomenclature they are 
platosamrninc chloride and platosemidiamminc chloride; whereas Werner 
designates them as l.JI or <rans-dichlorodiainmincplatinum and 1.2 or cis- 
dichlorodiamrnineplatinum. 

NH,v yCl nil,. vCl 

^ Pt ^ Pt 

Cl/ ^NH, Nil,/ ^Cl 

trans-diclilorodiammineplatinum cis-<lichk>rodiamininoplatinum 
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1 . TranSffDichlorodiammin^latinum. Heat about 0.3 g. , 0 f 
tetraminineplatinous chloride (cf. No. 142) to 250° in a test-tube 
immersed in a paraffin bath. ShouId*a little water be given off 
at first, stop the experiment temporarily and remove the drops, 
that are condensed on the upper walls of the test-tube, with .a 
narrow piece of filter paper. Then continue the heating until 
ammonia is evolved; the substance becomes darker colored, ^nd 
in the upper part of the tube a little black platinum begins to 
deposit upon the glass. The treatment requires about twenty 
minutes. JOxtract the grayish-yellow mass in a beaker watK 20 c.c. 
of boiling water and filter the light-yellow solution while hot from 
the black residue; on cooling an entangled mass of light-yellow 
needles is deposited. Drain the crystals, wash with alcohol and 
ether and allow them to dry. Yield, about 0.1 gram. 

2. Cis-DichlorodiarnmiYteplatinum. Prepare a solution of cl^pro- 
platinous acid from one gram of commercial chloroplatinic acid, 
reducing the latter with sulphurous acid as directed in No. 141. 
Concentrate the solution to a volume of about 2 c.c. and neu- 
tralize it while still warm with a concentrated solution of ammo- 
nium carbonate. Add an excess of the latter to make the total 
volume 15 c.c. Then boil the solution, whereupon the color 
changes from a dark-reddish-l)rown to an intense yellow, while at 
the same time green crystals of Magnus' salt are deposited. Filter 
the solution while it is boiling hot, cool the filtrate, and immedi- 
ately remove the yellow crystals that separate on cooling. Rinse 
these crystals with alcohol and ether and recrystallize the product 
from a few cubic centimeters of boiling water, whereby the salt 
is obtained perfectly free from the green Magnus' Salt. Yield, 
less than 0.1 gram. 

Difference helween the Isomers. The first isomer is of a light, 
straw-yellow color, and the mother-liquor is colorless. The second 
isomer is deeper yellow, it is more soluble in water, and the mother- 
liquor is yellow. 

HYDRATES. 

The hydrates formed by crystallization from aqueous solutions vary in 
composition with the temperature and concentration of the solution. A 
systematic determination of tlie hydrates which a compound can form, as 
well as of the conditions under which they can exist, may be carried out in 
the liglit of the principles of heterogeneous equilibrium. 
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1. Thermic Analysis. If the freezing-point of an aqu^oi^ Solution of a 
salt is determined at various concentrations and the results are pfotted with 
the temperatures as ordinates, and with the concentrations in pq/r cent as 
abscissas, a curve AC is obtained which starts at the freezing-point of pure 
water and descends in accordance with the law of Raoult and van^t Hoff 
(Eig. 23). The highly concentrated solutions, on the other hand, are to bo 
regarded as solutions of water in the salt; the curve CB shows the region in 
whiigh the freezing-point rises as the amount of water diminishes until finally 
the freezing-poi > (or melting-point) of the pure salt is reached. In the 
region of the first curve, that part of the mixture which acts as solvent crys- 
tallizes out on freezing, — in this case pure ice; in the region of the second 
curve, Ihc solid salt is deposited as the solution cools. The point where 
these two curves intersect is called the eutectic point, and is characterized by 
the fact that salt and ice crystallize simultaneously in an intimate, eutectic 
mixture. • Such mixtures, which arc also known as enjohydrates, possess 
freezing (or melting) points which are constant, and arc lower than the freez- 
ing-point of pure water; they are on this account used for maintaining 
unifprfn temperatures of below zero ^centigrade. 

If the salt employed forms a chemical compound with water, then the two 
systems ivatcr/ hydrate on the one hand and hydrate /anhydrouft salt on the 
other hand are each to be considered independently, according to the princi- 
ple just outlined. If, as before, the concentrations arc plotted as abscissas 
and the temperatures as ordinates, a double pair of curves is obtained with 
two eutectic points. The two inside curves unite in a common maximum 
which is the freezing-point of the pure hydrate (Fig. 24). Conversely it is 
clear that by determining the freezing-points of a complete series of mixtures 




of the salt and water, the presence of a hydrate can be detected by the ap- 
pearance of a maximum on the curve, and its composition can be read by 
dropping a perpendicular from the maximum point to the horizontal axis. 
Several maximum points indicate the presence of several hydrates. In this way 
Roozeboom has, for example, proved in the case of ferric chloride the exis- 
tence of the hydrates 2Fe( l 3 . 41 loO, ^FeCla.fiHaO, 2Feri3.7H20, 2 Feri 3 . 12 H 20 . 

This method of analysis does not apply solely to the mixtures of a salt 
and water, but it can be used very generally to prove the existence of com- 
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pounds. It has acquired a high importance in the study of alloys (Tammann 
and his students: see articles in Z. anorg. Chem. mostly later than 1903). 

2. Vapoh Tension Analysis. When a hydrated crystallized salt is in 
equilibrium with water vapor, its water of hydration can be progressively 
withdrawn in the same manner tliat ammonia is withdrawn from the metal 
ammonia compounds (cf. p. 163). Two methods are available by which 
salts can be investigated from this point of view. According to the first 
the vapor pressure of the salt is determined for varying water content, and a 
curve is constructed wdth the aqueous tensions as ordinates and the corre- 
sponding percentages of water as abscissas; if the salt forms a number of dif- 
ferent hydrates, the vapor pressure above any given mixture of the hydrates 
r(‘mains constant, w’hen water is slowdy withdrawn, as long as any of the 
hydrate richest in water is still present. When this hydrate is entirely 
exhausted, the pressure sinks abruptly, and a second, and lower, horizontal 
line on the plot corresponds to the tension of the next low'er hydrate, etc. 
(cf. Fig. 25). The tension of the aiiueous vapor in the case of hydrated cup- 
ric sulphate is given in the following table: 


CuSO^ -h 4 . 5 ILO . . * 46.3 mm. 

CuSO, + 3.5 11,0 47.1 “ 

CuS ()4 + 2.5 11,0 2‘).9 “ 

CuSO^ + 1 .5 11,0 29.7 

CUSO 4 + 0.5 11,0 4.4 “ 


From this we may conclude that the following hydrates exist: CUSO 4 . 5 11,0; 
CUSO 4 . 311,0; (^uSO^.l 11,0. The vapor pressure of the pentahydrate is 
about 46 mm. and remains constant, irrespective of the amount present, 
until the pentahydrate has entirely disappearc<l. Then the pressure drops to 
that of the trihydrate (about 30 mm.), and again remains constant until 
this is completely changed into inonohydratc (vapor pressure about 4.5 mm.). 

The other method of vapor tension analy.sis consists in determining the 
decomposition temperature under a constant pressure of aqueous vapor 
(cf. p. 163). Approximate values for the decomposition temperature can 
be obtained, however, by finding the point at which 
w^ater is given up when the salt is heated in atty 
indifferent atmosphere. In this w^ay crystallized 
copper sulphate loses the last molecule of water at 
220° to 240°, and from this and the fact that the 
other molecules of water escape at much lower tem- 
peratures, the existence of a definite inonohydratc 
has been recognized for a long time. 

In the cases wdiere the water is not chemically 
bound in a compound, but is merely adsorbed (cf. 
pp. 34 and 38), either of these methods of investi- 
gation shows merely a continuous loss of water with rising temperature, or 
diminishing pressure. 

The question as to how the water is united with the components of the 
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salt can be answered only in a few special casesl’ Undoubtedly in certain 
metal-ammonia compounds it belongs to the complex, positive component of 
the salt, (cf. especially No. 134). Probably the water is also attached to the 
metal atom as one of the constituents of the complex in such of the hydrated 
salts as are closely related to the metal-ammonia salts in their stoichiomet- 
rical composition. For example, cupric sulphate hydrate is analogous to 
tetrammiiiecupric sulphate (No. 126), whereas the violet modification of 
chromic chloride corresponds to the hexammine salts (No. 140) : 

[Cr(NH,)JCl, 

[Cr(NII,),IIo()]Cl 3 

tCr(ILO),](i, 

The fact that the number of molecules of water in hydrated salts is fre- 
quently four or six is quite in accord with the views just stated, inasmuch as 
four and six arc also the most usual coordination niimbers. It cannot be 
claimed, however, that all compounds containing water of crystallization 
must possess complex cations; since, among other reasons, it is (piite certain 
that the negative components of compo\mds have the power of attaching 
water molecules. 

How much, and in what manner, water is united with the ions in solution 
is not positively known. A number of facts make it seem extremely prob- 
able, however, that the ions are hydrated.^ 

144. The Melting-point Maximum for Magnesium Nitrate 
Ilexahydrato ; Eutectic Mixture of Barium Chloride 
Dihydrate and Water. 

1. The freezing-point diagram of a series of mixtures of anhydrous mag- 
nesium nitrate and watt^r shows a pronounced maximum for the composition 
corresponding to that of the hexahydrate. Measurements from which such 
a diagram can be constructed can be made with the very simplest apparatus. 
Starting with the crystallized hexahydrate, one branch of the curve is 
obtained through successive additions of water, which by dissolving in the 
hexahydrate depresses its freezing-point; on the otlier liand, another branch 
of the curve is obtained by adding successive portions of a less hydrated 
magnesium nitrate which likewise dis.solves in the hexahydrate and depresses 
its freezing-point. The two branches of the curve unite in a very pronounced 
maximum at the composition Mg(N 03)2 4 6 11^0. As a rule the maxima 
obtained in the investigation of liydratcs are le.ss pronounced, and often they 
arc entirely concealed. Reganling the so-called “concealed maxima,” see 
Tammann. A critical compilation of all the known eciuilibria between 
water and inorganic substances is given in Table 176, in Landolt-Bornstein- 
McyerholTcr’s physikalisch-chcmischcn Tabellen, 3d edition, 1905. 

‘ E. W. Washburn. The Hydration of Ions. J. Am. Chem. Soc. 31, 322 
(1909); Hydrates in Solution; Review of Recent Experimental and Theoretical 
Contributions, Technology Quarterly, 1908, 360, or Jahrbuch der Radio- 
aktivitiit u. Elcktronik, 1908, December. 
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The method employed is the same in principle as that followed 
in. determining freezing-points with the well-known Beckmann 
apparatus, but it is very much more simple because the freezing- 
points here measured arc so far apart that an accuracy of between 
one and two degrees is sufficient. As container for the sub- 
stance, a test-tube about 19 cm. long and 2 to 2.5 cm. wide suffices; 
as thermometer, one graduated in whole degrees and reading 
to*120° is suitable; an air-mantle is superfluous; as stirrer, a thin 
glass rod or a piece of iron wire bent into a suitable shape may be 
employed, although it is preferable to use a heavy platinum wire 
as in the Beckmann apparatus. As heating and cooling baths, 
two beakers of from 300 to 400 c.c. capacity, filled with paraffin 
oil and provided with heavy iron wire stirrers, are used. Weigh- 
fhgs need be accurate only to two, or at the most three,. significant 
figures. 

Place about 12 g. of magnesium nitrate hexahydrate in the test 
tube and close the mouth with a stopper through which the 
thermometer and stirrer are inserted. Dip the tul)e well into the 
heating-bath, heat rapidly to 70®, and from that point on, more 
slowly. The melting point of the substance is shown, in the 
first place, l)y the disappearance of crystals, and, second, by the 
fact that the temperature remains for some time constant (S0°). 
Next heat the bath to lUP-120®, transfer the test-tube to the 
cooling-bath, which has been brought to about 90®, and obsei’ve 
the point at which crystals begin to appear and the temperature 
ceases to fall during the crystallization; by repeating the experi- 
ment several times it is possible to establish very sharply the point 
at which the crystals appear or disappear. Now, from a weighed 
pipette, or from a small weighed wash-bottle, add one or two 
grams of water, and determine the amount added by a second 
weighing. Mix the mass well with the \vater, melt it completely, 
and determine as before the point where crystals begin to sepa- 
rate; it lies considerably lower. Follow the curve in this way by 
three or four similar experiments until the laboratory temperature 
is reached. The heatings-bath should be, in every case, about 10® 
warmer and the cooling-bath 10® colder than the temperature 
which is to be measured, the latter being first determined by a 
preliminary rough experiment. As the concentration of the 
water increases, the points of constant temperature become less 



MELTING-POINT MAXIMUM. 


191 


pronounced, but the beginning of crystallization can always, be 
observed distinctly by the clouding of the liquid. 

To establish the other branch of the curve, determine the 
freezing-points in a hew series of mixtures: First, take a weighed 
amount (about 30 g.) of the hexahydrate, and free it from a part 
of its water of crystallization by heating it in an open dish upon 
the water- bath for five or six hours, or until the loss in weight 
corresponds to about 10%. Pour the sirupy liquid while stBl 
warm into a porcelain mortar, and stir it with a pestle while it 
solidifies. When cold, powder the porcelain-like mass and com- 
pute the amount of water present by igniting a weighed sample 
until it is completely changed to MgO. For the freezing-point 
determinations, commence as in the first series with the pure 
hexahydrate, and add successively portions of 1 — 3 g. of the par- 
tially dehydrated salt just prepared. After each addition, bring 
about complete solution by fusing the mixture, and then observe 
the point at which crystals begin to separate on cooling. More 
highly concentrated licjuids are sirupy and become turbid on 
account of air bubliles, and thus the freezing-points are not so 
sharidy defined; it is sufficient, however, to carry the observa- 
tions to about 70® on this branch of the curve. 

To construct the melting-point diagram, compute for each 
experiment the total amount of anhydrous magnesium nitrate 
present, the total amount of water, and from these the number of 
parts of anhydrous salt in 100 parts of the mixture. Plot the 
latter values as abscissas and the observed temperatures as ordi- 
nates. Between points corresponding to 42% and 58% of the 
anhydrous salt the curve rises from about 18® to 89®, whereas 
between 58% and 65% it falls from 89® to 70®. The maximum 
point of the curve corresponds to the hexahydrate, and it is thus 
proved thernio-analytically that this hydrate exists as a definite 
compound. 

2. If the magneftium-nitrate-hexahydraie/water diagram were to be carried 
out to the freezing-point of pure water; it would show the existence of a second 
hydrate with nine molecules of water, and of a eutectic point at — 29®, between 
the latter and pure water. The characteristics of the eutectic point are more 
conveniently studied in the case of the system barium-chloride^dihydrate, 'water. 

. Place 10 c.c. of water in the apparatus used above and determine 
the freezing-point; then add about 1 g. of crystallized barium 
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chloride (weighing it to an accuracy of two significant figures), 
and determine the freezing-point of the solution with a thermom- 
eter which reads from — 20® to 100® and is graduated in w^hole 
degrees. Reiieat the measurements with successive additions of 
1 g. of tlie salt. As cooling-bath a mixture of ice and salt can be 
used at first. The solidification point is easily recognized by the 
temperature remaining constant, but this point is usually pre- 
ceded by a supercooling of about 0.5® before crystallization is 
induced by vigorous stirring. When temperature equilibrium 
has been established, withdraw the test-tube from the freezing 
mixture in order to note the appearante of the separated solid. 
Pure water usually shows a crust of ice and large needles; the 
solutions show finely divided flakes of i(!C. If, in about the third 
experiment, the neighborhood of the eutectic point is reached, a 
freezing-point is at first ol)served as usual, but after the mixture 
has stood in the freezing bath for some time the temperature 
again falls until a second halting-point is registered at — 8.4®, and 
at this temperature opaque, white masses of the cryohydrate, con- 
sisting of ice and l)arium-chloride-dihydratc, separate. In the 
succeeding experiments the solidifying point rises rapidly since 
the region is reached in which the salt acts as the solvent for the 
water. The deposited substance now consists of barium-chloride- 
(lihydrate which is easily distinguisha])lc from ice. At the same 
time the lialting-point on the thermometer bec^omes less distinct 
because the heat of solution of the salt is less than the heat of 
fusion of ice. It is possible, however, to determine very sharply, 
as in the magnesium nitrate series, the point at which crystalli- 
zation begins; and this is especially true since the l)aths used in 
these experiments are of ice water, water at the room temper- 
atuni, and finally liquid paraffin, instead of the opaque mixture of 
ice and salt. I]ach measurement is repeated several times, leav- 
ing a little of the barium salt undissolved each time to serve in 
starting the next crystallization. It is sufficient to carry the 
curve up to about 70® in three or four experiments. The tempera- 
ture readings in the case of the first field (the ice curve) should be 
accurate to about 0.1®, and in the second field (solubility curve) 
to within one or two whole degrees. 

The curve is plotted as before. Between. 0% and 24% BaClj 
the temperature of solidification falls from 0® to — 8.4®; between 
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24 % and about 33%, it rises from 8.4° to above 70°. If the 
eutectic point itself is not actually obtained in one of the experi- 
ments, it is easily found as the intersection point of the two curves. 

14.5, Calcium Sulphate Hcmihydrate. 

‘Gypsum, as it occurs in nature, consists of calcium sulphate dihyrlrate. 
On heating gypsum, its aqueous tension increases until at it i.s equal to 

.^he atmospheric pressure, and at 107° it is 970 mm. or the same as that of 
liquid water at th'^ same temperature; in a closed tube, therefore, water and 
the dihydrate co-exist up to a temperature of 107°. At higher temperatures 
the dihydrate breaks down inlo the hemihydratc, CaSO^.JHoO, and water, 
but these recombine to again form the dihydrate when the tube is allowed to ' 
cool. In analogy with the transforimtion of allotropic forms into one another, 
the temperature at which the above reaction is reversible is known a.s the 
transition point. 

Gypsum is dehydrated technically by heating the powdered mineral in 
iron kettles to about 130° while stirring. The product is the ordinary plaster 
of Paris, which consists of calcium sulphate hemihydratc, and which when 
mixed with water at a tempertiture below 107° takes up some of the latter to 
again form the dihydrato. Tliis solidifies to a solid mass of interlocking 
crystal needles. The production of plaster casts is accomplished in this 
rnanmT. When heated to 100°, gypsum becomes “dead burnt, or com- 
pletely dehydrated, in which form it does not readily unite with water again. 

The conversion of the dihydrato to hemihydrate can be effected below 
107° if the aqucious tension is low^ered by the presence of other substances. 
Thus under a saturated solution of common salt the hemihydrate is formed 
at 77°, and under a saturated solution of magnesium chloriiie at al)out 1 1°. 
The dehydration is effected very rapidly by heating gypsum in concentrated 
nitric acid (sp. gr. 1.4) on the water biith. 

Prci)are calriiiiu sulphate dilmlrato by adding 120 c.c. of 
2-normal sulphuric acid to an aqueous .solution of 50 g. of calciuni 
chloride; wasli the precipitate by decantation with water, and 
then with a little alcohol, and dry it in the hot closet. The pro- 
duct consists of small needles (iVIicros(a.>pe). Mix 20 g. of the 
preparation with 50 c.c. of concentrated nitric acid (sp. gr. 1.4) 
so as to form a thick paste, and heat the mixture on the 
water-bath with occasional stirring. AVatch the course of the 
transformation by removing a fenv drops of the mixture from 
time to time and examining it under the microscope; after about 
10 minutes the finely pointed needles disappear, and compact 
prisms with right-angled outlines appear in their place. After 
half an hour cool the contents of the dish, allow the solid to settle, 
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decant off the liquid as completely as possible, shake the residue 
with 50% alcohol, and filter at once wijbh suction. Throw away 
the filtrate, wash the precipitate, and dry it in the hot closet. 
Yield, almost quantitative. 

Determine the water content of the product by igniting a 
weighed sample to faint redness. The hemihydrate contains 
6.2% water. 

The hemihydrate prepared as above consists of larger crystals 
than commercial plaster of Paris, and for this reason it sets ” 
more slowly. Mix half of the preparation with water to form a 
thick paste, and allow it to stand until, at the end of about 30 
minutes, solidification takes place. The process may be watched 
more closely by placing a few drops of the fresh mixture under 
the microscope; after about 20 minutes, fine needles of the di hy- 
drate are seen to appear, and after that t?> increase rapidly in 
quantity \yhile the compact prisms of the hemihydrate disappear. 
Simultaneously with the formation of the crystal needles under 
the microscope, the larger sample grows hard. This change may 
be compared with the similar transformation of potassium lead 
iodide (of. No. 105). Moisten the remainder of the hemihydrate 
with a mixture of alcohol and water; this time the mass solidifies 
much more slowly because the vapor pressure of the water is 
diminished by the presence of the alcohol. 

• 

14G, Hydrates of Sodium Sulphate. Supersaturated Solutions. 

The solubility of ordinary, crystallized sodium sulphate, Na 2 S 04 . 10 H,0, 
increases rapidly with rise in temperature, but can be followed only to 32.4® 
because at this temperature the solid dccahydrate, standing in contact with 
the solution, is completely dehydrated. The solubility of tlic anhydrous 
salt is peculiar in that it diminishes with rise of temperature; thus at 32.4® 
the saturated solution contains the maximum amount of sodium sulphate. 
Accordingly, when a saturated solution is allowed to evaporate, the anhy- 
drous salt separates if the temperature is above 32.4®, whereas the decahydrate 
is deposited if the solution* is below this temperature. The solutions, how- 
ever, can very easily become supersaturated, provided they are protected 
from#dust, etc., which tends to start crystallization. By allowing such 
supersaturated solutions to remain in the cold, a different hydrate, 
NajSO^.THjO, crystallizes spontaneously, but since this salt is more soluble 
than the decahydrate, the solution standing over it remains supersaturated 
with'respect to the decahydrate. 

Dissolve 170 g. of crystallized sodium sulphate in 75 c.c. of 
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water at 32®, filt^er, and divide the solution equally among five 
small, clean flasks which have been freshly rinsed with distilled 
water. In filling the flaste take care not to wet the necks with 
the solution. Immediately stepper each flask with a loose plug 
of cotton. . Allow two of the flasks to stand in the ice-chest over 
night, or longer, until the heptahydrate has crystallized out in 
large, closely packed crystals which fill about one-third the vol- 
ume of the liquid. Allow the three other flasks to cool to room 
temperature; a thick, oily solution is obtained from which, 
although it is supersaturated, no crystals separate even when 
the licpiid is gently rotated. Inoculate the first flask with a 
minute fragment of sodium sulphate, whereupon crystals at once 
begin to form at the point inoculated and grow rapidly until the 
whole contents of the flask have solidified. Place a trace of 
sodium sulphate upon a piece of filter paper, then brush it 
off as completely as possible. Tear off^ a piece of this filter 
paper and use it to ino(*ulatc the contents of the second flask. 
Open the third flask, and, close it with the thumb, which has 
first been well rinsed with distilled water. If the thuml) is per- 
fectly clean and free from crystals of the salt and particles of 
dust, the solution will bear shaking without the appearance of 
crystals. 

Introduce a trace of decahydrate into each of the two flasks 
whiclf contain the deposited heptahydrate. The supernatant 
solution then crystallizes into the decahydrate so that the two 
hydrates are obtained together in the flask one above the other. 
After standing a long time, the more soluble heptahydrate goes 
over into the less soluble decahydrate. 

147. Transition Point of Sodium Sulphate, 

Na.S 04 . 10 H^O ^ Na^S 04 + 10 lIoO. 

32 . 383 °. 

If a mass of crystals of sodium sulphate decahydrate is heated slowly, the 
temperature rises steadily until 32.383° is reached, at which point it remains 
constant for a considerable time, because the heat then received froi# the 
exterior is used entirely in dehydrating the salt. If tJie mixture of water 
and sodium sulphate is heated to a higher temperature and then allowed to 
cool slowly, the temperature again remains constant at the same point as 
long as the heat of hydration is sufficient to compensate the loss of heat to 
the surroundings. Compare the corresponding relations in the change in 
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state of a^;|]jregation (No. fe, p. 15). Practical advantage may be taken of 
this behavior of hydrated sodium sulphate for producing and maintaining 
very accurately the temperature of 32.383°, as, for example, for a fixed point 
in thermometry. By placing a mixture of .the anhydrous salt and the 
hydrate in surroundings of approximately 32 to 33°, the temperature of the 
mass adjusts itself sharply to 32.383°, and remains constant a very long 
time at this point, for if tlic external temperature is somewhat higher, the 
heat conducted into the mixture is absorbed in dehydrating the salt, whereas 
if the surroundings arc cooler the temperature of the mixture is maintained 
by the heat lilierated in the liydration of the salt. A bath composed of such 
a inixtuH', therefore, can be used as a very delicate thermostat.^ 

The transformation MnCb . 4 ^ MnCh . 2 II^O f 2 ILO takes place at 

58.089° ± 0.005°. llichards and Wrede, Z. phys. Chem. 61, 313 (1907). 

Dissolve 100 g. of (uystallized sodium sulphate in 50 e.e. of 
water at about. 33°, filter the solution, and cause the salt to 
recrystallize by shaking the solution and cooling it under the 
water tap. Drain the crystalline meal on the suction filter, wash 
the salt once with a little cold water, and use it moist in the follow- 
ing experiment. Place about 12 g. of the crystals in a test-tube 
and insert a thermometer which is graduated in tenths, or fifths, 
of a degree. Place this test-tube inside a slightly larger one so 
that an air space of about 2 mm. separates their walls, and clamp 
the two tubes thus arranged so that they dip into a beaker con- 
taining al)out ()00 c.c. of water. Keep the temperature of the 
water at 35° to 36°. 

To prepare the equilibrium mixture in the inner test-tufie, 
remove this from its air mantle, and dip it directly into the warm 
water in the beaker. When its contents are jiartly melted, wipe 
the tube and replace it in the larger tube. The transition tem- 
perature is quickly established, especially if the mixture is stirred, 
and remains constant for more than half an hour. By removing 
the inner tube and allowing it to cool somewhat, the mixture 
again assumes the transition temperature. Jtefore every read- 
ing of the thermometer, the mass should be stirred. 

The anhydride present in the mixture is recognized as a fine 
tur|jfd powder in the presence of relatively large crystals of the 
dccahydrate. 

* Cf. Richards, Z. phys. Chem. 26, 690 (1898); Richards and Mark, 43, 
465 (1003). 
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148 , Isomeric Chromic Chloride Hydrates, CrClg.GH^O. 

Hydrated chromic salts possess both violet and green modifications. 
Although solutions of most of the green chromic compounds cannot be made 
to yield the crystallized salts, the chloride, on the other hand, can be crystal- 
lized in both forms, each having the same composition CWI 3 . 6 H 2 O. The 
violet salt is normal in its behavior, inasmuch as when it is dissolved in 
water the entire chlorine is ionizable, and the solution thus contains three 
chlorine ions to one hydrated chromic ion. The formula of the violet modi- 
fication is therefore [Cr(Il 20 ),;]Cl 3 . On the other hand, the solution of the 
green salt contains chlorine in a non-ionic condition -• according to Werner 
and Gubser,* two of the chlorine atoms arc attached in the complex. Since, 
furthermore, two of the six molecules of water are less firmly bound in the 
salt than the other four, the green chloride may be formulated: 

[Cr(n2()),cy(n.2H20. 

For further details, consult the original .article cited in which the above ex- 
planation is deduced from conductivity measurements. It has been shown 
by Weinland and Koch^ that precipitations with silver salts serve qualita- 
tively but not quantitatively to explain the relations. 

Preparation of the Crude Chloride. Warm 100 g. of chromic 
acid anliydride (under the hood in the hydrogen sulphide room) 
in a flask, with 400 g. of concentrated hydrochloric acid. Kcd 
vapors are first evolved. Boil the solution until it ))ocomcs pure 
green and no more chlorine is evolved. About three hours arc 
rccpiired, and during the Ixnling more hydrochloric acid is added 
if necessary. Concentrate the solution in an evaporating dish 
until it has the consistency of sirup, allow it to cool, spread the 
thick mass of crystals on a porous j)late, and finally dry the pro- 
duct in a desiccator over lime. 

1. Crj/stallized Green Chromic Chloride. Dissolve 50 g. of the 
impure chloride in 40 c.c. of water, filter, and wliile keeping cold 
with a mixture of ice and salt, saturate the solution with gaseous 
hydrogen chloride. After standing several hours, drain the 
crystalline paste in a funnel containing a marble around which 
a thin cord of asbestos is laid. Without washing, dry the crys- 
tals one to two days in a desiccator; then stir them up with 
acetone, which does not dissolve the dry salt, drain the product 
on a hardened filter, and wash it with acetone until the latter runs 
through colorless. Yield, 10 to 20 grams. 


' Ber. 34, 1591 (1901). 

* Z. anorg. Chem. 39, 290, 320 (1901). 
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The preparation dissolves in watei? to an emerald-green solu- 
tion. If this solution is precipitated with ammonia, and the 
chromic hydroxide is redissolved in hydrochloric acid while cool- 
ing, a violet solution of the other modification of the chloride is 
obtained. The violet modification iS the more stable in solu- 
tions that are free from acid. 

2. Cri/stallizcd Violet Chromic Chloride, Dissolve 50 g. of 
crude chromic chloride in 40 c.c. of water in a flask and add chro- 
mic hydroxide hydrogel to the boilbig solution until blue litmus 
paper held in the escaping vapors is no longer reddened. The 
hydrogel is prepared l)y adding ammonia to a boiling dilute solu- 
tion of from 10 to 20 g. of the crude chloride, filtering upon a 
large plaited filter and washing with hot water. After the neu- 
tralized solution has l)een boiled for half an hour, w^hcreby 
its volume is reduced to about 50 c.c., cool it with ice and 
salt, and saturate it w'ith hydrogen (diloride gas, shaking from 
time to time. The gas should be introduced slowly at first, and 
the temperature of the solution should not rise above 0°. Let 
the very fine-grained precipitate settle for several hours, then 
drain the supernatant liquid through a layer of asbestos felt on 
a perforated plate, and finally suck the crystalline paste free 
from liquid on the filter. Wash with a little very cold concen- 
trated hydrochloric acid, and then thoroughly with acetone; the 
latter w\ashing is l^est. accomplished by removing the greater 
part of the crystals to a porcelain dish, stirring them wdth ace- 
tone, and again draining them on the asbestos filter. 

Dissolve the crude product thus obtained at once in as little 
cold water as possible (20 c.c. at the most), filter the solution, 
and, while keeping it very cold, saturate it with hydrogen chlo- 
ride gas. The violet chloride is precipitated almost quantita- 
tively in somewdiat larger crystals than at first. After some 
time drain the precipitate on a small piece of linen cloth placed 
on a perforated plate; wash the product with acetone, and dry it 
in a vacuum desiccator over sulphuric acid. Yield, 5 to 14 g.^'of 
small, violet crystals W'hich dissolve in water, giving a violet solu- 
tion; by precipitating this solution with ammonia and dissolving 
the precipitate in cold hydrochloric acid, a violet solution is again 
obtained (see above). ^ 

* A considerably better yield can be obtained from a solution of chromic 
nitrate in hydrochloric acid. N. Bjerrum, Z. phys. Chem. 59, 340 (1907). 
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COMPLEX NON-ELECTROLYTES. 

In this chaptr are brought together a numl)cr of different kinds of sub- 
stances, many of them containing organic radicals, and all of them showing 
very little, if any, tendency to undergo electrolytic dissociation. The ability 
of these substances to dissociate otherwise than electrolytically is slight, and 
most of them can, like many of the pure organic compounds, be distilled with- 
out undergoing decomposition. It is characteristic of tliem, however, that in 
the presence of water they suffer Iprdrolysis (saponification) instead of elec- 
trolytic dissociation (cf. p. 60). Here, as in the case of organic substances, it 
is permissible to develop structural formulas, and thus the probable struct nro 
of the products of hydrolysis can be derived. For example, it is possible to 
deduce the structure of certain inorganic acids from the graphic formulas of 
their chlorides and esters. Cf. Acid, p. 113; Oxy-acids of Sulphur, 

p. 120; Acids of Phosphorus p. 135. 

ACID CHLORIDES. 

149. Sulphuric Aclcl Dichloride (Suiphuryl Chloride), SO 2 CI 2 , and 
Sulphuric Acid Monochioride (Chlorosulphonic Acid), UO.SOoCl. 

By the term acid chloride is understood a substance which is converted 
into^ an oxy-acid when its chlorine atoms are replaced with hydroxyl groups. 
Suiphuryl chloride, SO/'lg is the chloride of sulphuric acid: 

SO2CI2 + 2 Hp = sOaCOii)^ + 2 nci. 

It is produced by the direct union of sulphur dioxide and chlorine in the sun- 
light; the combination takes place more readily, however, in the presence of 
catalyzers such as anhydrous acetic acid, porous charcoal, or, most efficient 
of all, camphor. 

Sulphuric acid monochioride* is formed by the partial hydrolysis of sul- 
phuryl chloride, but it can also be prepared from sulphuric acid and phos- 
phorus pentachlorido by a reaction which is of very general applicability. 
Phosphorus pentachlorido acts upon substances which contain hydroxyl in 
such a way that phosphorus oxychloride, hydrogen chloride, and a chloro- 
substitution product of the original material are formed: 

R.OH -f PCI, = RCl + POCI3 -f HCl 

In certain cases the phosphorus oxychloride itself also acts as a chlorinating 
agent. 
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Sulphuric acid monochloride can be prepared in still another way by the 
direct addition of hydrogen chloride to sulphur trioxide: 

SO3 4- IlCl - IIO.SO3CI. 

All acid chlorides have a choking, often very disagreeable odor, and all 
fume when exposed to moist air. In preparing them, moisture must be 
excluded with great care. 

Sulphiirj/l Chloride, Connect in series a 500-c.c. distilling flask, 
a fairly long condenser, and a receiving flask, making all the joints 
tight with closely fitting cork stoppei’s. From the receiver lead 
an escape-tube to the ventilating flue. Through the cork in the 
neck of the distilling flask pass two tul)es, reaching to the bottom 
of the flask, by means of which suli)hur dioxide and chlorine can 
be introduced separately. Allow the distilling flask to rest in a 
porcelain dish on a water-bath, which is not heated at the start. 

Place 50 g. of camphor in the distilling flask and fill the porce- 
lain dish wth water and a few pieces of ice. Generate sulphur 
dioxide from 400 g. of copper turnings and tSOO g. of concentrated 
sulphuric acid (or from bisulphite solution, see note, p. 71). 
Pass the gas first through a sulphuric acid wash bottle and then 
into the distilling flask, where it is taken up by the camphor, with 
which it forms a colorless liquid. Then begin to introduce chlorine, 
which is likewise dried by sulphuric acid (cf. No. 42, p. 69). 
Regulate the evolution of the two gases so that about equal 
amounts of each bubble through the washing bottles; an excess of 
chlorine colors the contents of the distilling flask yellow. Con- 
tinue the process until this flask is a little more than half filled. 
Towards the end allow first an excess of chlorine to collect in the 
flask and then strengthen the stream of sulphur dioxide until this 
excess is just removed, after which stop the evolution of the gases. 

After some time — six to twelve hours — remove the [)orcelain 
dish and heat the flask on the water-bath as long as anything 
distils over; at first a considerable quantity of gas is evolved. If 
the distillate contains free chloiane remove it hy shaking the 
liquid with mercury (cf. Nos. 51 and 52), and filtering through 
a perfectly dry asbestos felt in a Gooch crucible. Finally redistil 
the material from a distilling flask provided with a thermometer 
and a condenser. Hoiling-point, 69.5°. 

A mixture of a few drops of sulphuryl chloride and a few c.c. of 
water reacts slowly with the formation of sulphuric and hydro- 
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chloric acids. Larger quantities react, after some time, suddenly 
and very energetically, with a consideraVAe evolution of heat. 

Sulphuric Acid Monochloridc. 

(a) From Sulphuric Acid and Phosphorus Pentachloridc. 

The chlorination of sulphuric acid by phosphorus pentachloride takes 
place according to the equation 

SO,(OII )2 + PCI, - SO,C1.0H + PCXJI 3 + IICl. 

The phosphorus oxychloride formed acts likewise as a chlorinating agent in 
this case: 

2 II 3 SO, 4 - POC^L = 2S0,C1.0H -f IIPO 3 4 HCl. 

First prepare pure sulphuric acid monohydrate ” by adding 
fuming sulphuric acid to the ordinary concentrated acid until the 
specific gravity at exactly 15® is 1.84. 

To 200 g. of this acid in a liter flask add 150 g. of phosphorus 
pentachloride in small portions from a glass spatula. The mix- 
ture becomes somewhat heated, and large quantities of hydrogen 
chloi’ide escape, (The operation should be carried out under the 
hood, or, better still, out-of-doors.) When all the phosphorus 
pentachloride has been added, heat the flask on a Babo funnel 
until the evolution of hydrogen chloride has ceased. Transfer 
the licpiid product to a distilling flask, or a tubulated retort, in 
wdiich a thermometer is inserted through a ring of asbestos cord 
(not through a cork). Slip a glass tube, 40 cm. long and 1 cm. in 
diameter, over the side arm of the distilling flask, or the neck 
of the retort to serve as an air condenser; it is not necessary to 
make the joint tight. Distil until the temperature has risen to 
about 165®. To purify ttie crude produ(4, redistil it from a 
fractionating flask with a side arm condenser (Fig. 7, p. 6). 
Boiling-point, 153®. Yield, 120 to 150 grams. 

{h) From Sulphur T rioxidc and Hudroycn Chloride. Melt some 
commercial, 80% fuming sulphuric acid, which can be obtained 
in small sealed flasks, by placing it for a short time in a w^arin 
place. Add 200 g. of this acid to a large, gas-washing flask which 
has ground glass joints; cool the flask and contents to the room 
temperatum and pass in a vigorous stream of gaseous hydrogen 
chloride. As soon as the mixture becomes warm, cool it by 
surrounding ithe flask with ice. When the hydrogen chloride 
ceases to be absorbed, transfer the liquid to a distilling flask; 
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provide an air condenser as in (a) and fit a thermometer in the 
neck of the flask by means of asbestos cord. On distilling the 
liquid the dissolved hydrogen chloride escapes first. Save th^,, 
distillate between 150° and 165° and purify it by redistilling. 
Yield, about 170 g. of sulphuric acid monochloride, boiling-point 
153°. 

Dependent pre]uiration: Pyrosulphuric Acid Chloride No. 150. 

150 . Pyrosulphuric Acid Chioride (Disuiphuryl Chioride), 

^ / SO^Cl 
\ SO2CI 

The action of phosphorus pentachloride on sulphuric acid monochloride 
results in the formation, not of sulphuric acid dichloride, but of pyrosul- 
phuric acid chloride, with the splitting out of a molecule of water: 

CIS(\()H ClSChv 

U) -h II^O. 

^ CISO2OH 

Por the purpose of withdrawing the water, however, phosphorus pentoxide, 
serves better than the pentachloride. It is upon this mode of forming the 
acid chloride that the customary constitutional formula of pyro- or di-sul- 
phuric acid is based. 

Introduce 20 g. of phosphorus pentoxidc and then 30 g. of 
sulphuric acid monochloride into a small retort, and close the 
tubulus with asbestos. Distil slowly without a condenser and 
catch the distillate in a flask that rests in a bath of cold water. 

Redistil the first product from a small flask with a side-arm con- 
denser and with a thermometer made tight with asbestos cord. 
The liquid boils sharply at 146°. Yield, 20 to 25 grams. 

151 . Sulphurous Acid Chloride (Thionyl Chloride) SOCl^.^ 

Provide a liter, round-bottomed flask with a stopper through 
wdiich a delivery tube and the lower end of a return condenser are 
inserted, the latter so as to just pass through the stopper and the 
former so as to reach to the bottom of the flask. Place this 
apparatus under the hood, and add 500 g. of phosphorus penta- 
chloride (not less) to the flask. Introduce sulphur dioxide 
(from 200 g. copper and 400 g. concentrated sulphuric acid), 
purifying it by bubbling it through sulphuric acid and then pass- 
ing it through a tube filled with crystals of potassium sulphate. 

^ Another method for preparing thionyl chloride depends on the reac- 
tion: SO3 -f SCI2 « SO3 + SOCI2. 
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As soon as all the phosphorus pentachloride is dissolved, stop the 
flow of gas at once, and subject the resulting mixture of thionyl- 
..chloride and phosphorus oxychloride to a careful fractional dis- 
tillation. 

Through the cork in'the neck of a round-bottomed flask fit a 
fractionating tower, 35 cm. high, containing a 30-cm. column of 
coarse glass beads. Connect the side arm of the .tower with a 
condenser and insert a thermometer through a cork placed in the 
top of the tower. On the fimt distillation collect four fractions: 
(1) all that distils up to 82°; (2) between 82° and 92°; (3) between 
92° and 105°; (4) between 105° and 115°. The quantity of the 
fractions varies from 110 to ISO grams. Distil each one of these 
portions separately in the same api)aratus — except that a 
smaller flask is now used — observing the following plan of pro- 
cedure: pour fraction (1) into the distilling bulb and place the sanie 
flask in position again as receiving vessel. Distil until the tem- 
perature reaches 82°, add the contents of receiving flask (2) to 
the bulb and distil again. Continue to collect in receiver (1) 
until the temperature again reaches 82°, then exchange this flask 
for the now empty receiver (2). When the temperature reaches 
92° add the contents of receiver (3)* and continue to distil into 
receiver (2) until 92° is again reached; then exchange this flask 
for receiver (3). At 105° add the contents of receiver (4) and 
continue to distil into receiver (3) until 105° is once more reached; 
then change the receivers and collect the distillate in (4) until 
115° is rea(4ied. It will be found that the middle fractions of 
the second series of distillations are smaller than in the fii'st 
series. Repeat the fractionation, whereby the middle fractions 
become still smaller with a corresponding increase of the end 
fractions. Idnally use only the two end fractions; distil each by 
itself from the same apparatus after it has been cleaned, and reject 
a small amount of each both at the beginning and the end of the 
distillation. About .165 g. of thionyl chloiide of boiling-point 
77° to ?9° and about ISO g. of phosphorus oxychloride of boiling- 
point 109° to 111° are thus obtained. The yield of thionylchlo- 
ride amounts to 55-60% of the theoretical, the percentage yield 
is much lower when smaller quantities are prepared because of 
the losses incidental to the fractionation: these losses are rela- 
tively less in preparing larger quantities. The preparation is not 
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entirely free from phosphorus compounds; it is, however, admir- 
ably suited for use as a chlorinating agent in organic chemistry. 
Its odor is suffocating and offensive. 

A few drops of thionyl chloride added to a little water react 
slowly, — more rapidly on warming, — yielding hydrochloric and 
sulphurous acids. 

To test for the presence of phosphorus, add some nitric acid to 
the solution just obtained, evaporate to dryness on the water- 
bath, dissolve the residue in a little water, and test with ammonium 
molybdate. 

Dependent preparation: Symmetrical Ethyl Sulphite, No. It55. 

152, Nitrosylsulphuric Acid, HOSOo.NOj. 

Although it contains no chlorine, nitrosylsulphuric acid can be regarded 
as in the same class with the acid chlorides, because its characteristic atom 
grouping, — SO^-NOa, is entirely analogous to that which is present in sul- 
phury Ichloride, or in sulphuric acid monochloride. It is, like the two latter 
compounds, converted by hydrolysis directly into sulphuric acid. 

Nitro.sylsulphuric acid can be formed by the interaction of sulphur dioxide 
and nitric acid: 

SO2 + IINO3 - ITOSO^.NOj 
or of sulphuric acid and nitrous acid: 

2II2SO, + N-Ai = HA + 2IIOSO2.NO2 

Because of its formation in the lead chambers of sulphuric acid plants 
w'hen insufficient water is supplied, this compt)imd has long been known by 
the name of “chamber crystals” (cf. No. 86). 

Place 100 g. of anhydrous nitric acid (cf. No. 34) and 25 g. of 
anhydrous acetic acid in an Erlerimeyer flask and surround the 
flask with a freezing mixture. For introducing sulphur dioxide, 
inscirt a tube I cm. in diameter through the cork. The top of this 
tui)e is closed with another cork and just below this stopper a 
side arm is provided through which the gas is to enter. Whenever 
the lower end of the tube becomes clogged with crystals, the 
stopper may l)e removed for a moment and the obstruction dis- 
lodged with a stirring rod (cf. No. 4G). Generate the sulphur 
dioxide from 200 g. of copper turnings and 400 g. of concentrated 
sulphuric acid (or from bisulphite solution), and pass it through a 
sulphuric acid wash bottle. 

Pass the gas ra])idly into the reaction flask, shake the mix- 
ture from time to time, and take particular care that it is kept 
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well cooled, since otherwise an energetic, sometimes explosive 
oxidation may occur according to the equation 

SO2 + 2 HNO3 = H2SO4 -f 2 NO2. 

This last reaction is more likely to take place if the nitric acid 
has not been diluted with acetic acid as recommended above. 

Drain the thick crystalline paste, wash it with a little cold, glacial 
acetic acid, then freely with carbon tetrachloride, and dry the 
product in a vaemum desiccator over sulphuric acid. The crys- 
tals obtained m this manner (van be preserved in a wcll-stoppered 
flask for a long time unchanged. Yield, about 80 to 90 g. 

ESTERS. 

Esters are derived from acids I)y the replacement of the acid hydrogen 
atoms by hydrocarbon radicals; tliey are often called ‘^etherial salts/' but are 
to be distinguished from ordinary salts by their inability to dissociate elec- 
trolytically. 

UNO, CH,NO, 

Nitric Acid. Methyl nitrate (methylesLer of nitric acid ). 

Of the methods of forming such substances the following three will be con- 
sidered here: 

1. From an acid and an alcohol with elimination of water: 

C,1T,()H + UNO, - 11,0 + C.,1I,N()3 (No. 153) 

Kthyl Alcoiiol Hthyl Nitrate 

2. From an acid chloride and an alcohol with elimination of hydrogen 
chloride: 

son, + 12 C,ll,011 - 2 il(U + SO,(rjI,), (No. 155) 

Thionyl Ciiloridc Eiliyl Alcohol Diethyl Sulphite 

3. Foom the silver salt of an acid and an alkyl halide: 

Ag,SO, F 2 (Ur,T - 2 Agl -i- S0,(0,H,), (No. 156) 

Silver Sulphite Kthyl Iodide Diethyl Sulphite 


The first method of formation is reversible; the opposed reaction, by which 
the ester, is broken down, is termed saponification and is in its nature quite 
identical with the hydrolysis of salts. Since the saponification of esters 
takes place much more slowly than the hydrolysis of stilts, it is admirably 
adapted for the study of reaction velocities (see text books on Physical Chem- 
istry). Inasmuch as the two opposed reactions — esterification and saponi- 
fication — often lead to an equilibrium in which all four of the reacting 
substances are present in finite determinable concentrations, this so-called 
** ester equilibrium'' is used with great success in demonstrating the law of 
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mass action. This law requires that at a constant tempffature the relation 
expressed in the fpllowing equation shall hold true: 

[iJster]^* [Water] ^ 

[Acid}-. [Alcohol] “ * 

It is evident from this equation that to obtain a favorable yield of ester the 
concentration of the water should bo kept as loW as possible. This can . be 
accomplished in practice by adding concentrated sulphuric acid to the reac- 
tion mixture. On the other hand, saponification is favored by the removal 
of tlie acid, and this can be brought about by the addition of a base. 

153. Ethyl Nitrate, C 2 H 5 ONO 2 . 

Ethyl nitl'ate is formed from nitric acid and ethyl alcohol according to 
Method 1 described above. Since, however, the nitric acid may also act as 
an oxidizing agent upon the alcohol, and since, moreover, the oxidation is so 
vigorously catalyzed by the lower oxides of nitrogen that the mixture some- 
times decomposes explosively, the expedient is adopted of adding urea, which 
rtmioves the reduction products of nitric acid. Urea reacts with nitrous acid 
according to the equation 

C0(NH,)2 -f 2 IINO 2 - CO .2 + 2 N 2 + 3 H 2 O. 

Place in a 15()-c.c. distilling flask 3S g. of absolute alcohol, 6 g. 
of urea, and 60 g. of concentrated nitric acid (sp. gr. 1.4) which 
has previously been boiled with 0.5 g. of urea. Distil the mixture 
on the water-bath, and when about onc-third has passed over, add 
slowly from a dropping funnel a further mixture of 100 g. of con- 
centrated nitric acid (which has likewise been boiled with a gram 
of urea and subsequently cooled to the room temperature) and 
75 g. of absolute alcohol. Continue the distillation until nothing 
more passes over. Purify the ester from acid and alcohol by 
shaking it three times with water in a separatory funnel, using a 
double volume of water for the first shaking. Free the layer of 
ester as completely as possible from drops of water by pouring 
it into a dry flask, and let it dry by standing several hoprs in 
contact with granular calcium chloride. Finally, distil the prod- 
uct with the bulb of the flask immersed in a water-bath. Yield, 
about 40 g. of a colorless liquid which boils sharply at 87®. On 
setting fire to a few drops of the ethyl nitrate, it burns with a 
pale flame. 

By allowing larger amounts of the above mixture to drop into 
the reaction flask, the ester may be prepared conveniently in con- 
siderable quantity. 
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154.* Amyl Nitrite, C^,,.dNO, and Methyl Nitrite, CH/.pNO. 

^Amyl TtHrite is easily formed by the aotioif of nitrous acid otfxS8yl alcohol. 
Since neither amyl nitrite nor amyl alcohol are miscible with water, the prog- 
ress of this e^rification is not retarded by the presence of water. 

.To 50 g.of amyl alcohol and 300 g. of cold, 20% sulphuric acid 
in a 750-c.c. flask add 60 g. of sodium nitrite in small portions 
while shaking the flask continuously and cooling under the water 
. tap. Wait, before adding each fresh portion, until the rea^ftion 
from the previous addition is ended and the yellowish-red vapors 
have disappeared from the flask. About 30 minutes is required 
for this operation. After waiting an hour longer, separate the 
layers in a separatory funnel, wash the oily layer twice by giving 
it a rotary motion with water (but do not shake it, as an emulsion 
then forms which will separate into layers only on long standing), 
free the liquid from drops of water, and ‘let . it dry by standing 
ov()riiight with lumps of fused calci\nn cldoride. Distil the ester 
from a fractionating flask with a side-arm condenser. Boiling- 
point, 97°. Yield, about 60 grams. 

Methifl Nitrite, 

Metliyl alcoliol ami amyl nitrite interact readily with the ‘formation of 
methyl nitrite and amyl alcohol. Amyl nitrite is much ased in organic 
chemistry as a reagent in preparing nitroso and diazo compounds. 

Mix amyl nitrite with about one-third its weight of methyl 
alcohol. After a short time, or sooner on wai’inirig gently, methyl 
nitrite (boiling-point, — 12°) begins to escape as a gas. By using 
25 g. of amyl nitrite and 7 g. of methyl alcohol, several cylinders 
full of gas may be obtained. When set on fire it burns with a pale 
flame. 

155 . Symmetrical iJlethyl Sulphite, 80(000115)2. 

There arc two isomeric substances of the composition (CoTT 5 )jjSO.„ both of 
* which are to be regarded as c.stcrs of .sulphurous acid. One of tliem is pro- 
duced by the action of thionyl chloride on ethyl alcohol, and upon being 
saponified it yields sulphurous acid .and alcohol ; the other can be formed 
from a sulphite and a halogen alkyl, or by the esterification of ethyl sulphonic 
acid, CallgSOa.OH. Since it is only possible tor thionyl chloride to have 
the structural formula () : SCb, the ester formed from it must have the cor- 
responding symmetrical structure 
yQ\ 

O : S ^ +2 IlOCall, * 2 IICl H- O : S ^ 

^ Cl ^ OC^Hj 



208 


ESTERS. 


On the other hand, in ethyl sulphonic acid, since this can he formed by 
the oxidation of ethyl mercaptan, CgHj.SIT, it must be true that, the etliyl 
is bound directly to the sulphur atom, anti that therefore the compound has 
the structural formula C 2 H 5 . SOg. Oil, while its ester has the corresponding 
unsymmetrical structure 


0,S 


^C,H. 


As regards the sulphites and free sulphurous acid there are, therefore, two 
possible formulas. The fact that solid sulphites react with halogen alkyls to 
form tinsymmetrical esters suggests that the sulphites have an unsymmetrical 
structure. There is no positive proof as to whether the constitution of free, 
sulphuroui^ acid ie represented by the formula 


y OH . OH 

O :S ; " or by the formula 0,8 
"^OH , \H 


It is perfectly possible that both forms of the acid may exist together in a 
state of mobile equilibrium (cf. Cyanic Acid, No. 73). Such a condition is 
known as tautomerism or dynamic isomerism (cf. A. Findlay, The Phase 
Rule, p. 193.) 

Insert a dropping funnel through a cork in the mouth of a 75-c.c. 
flask with ?^ide-arm condenser (Fig. 7, p. 6), so that the stem of 
the funnel reaches just to the bulb of the flask. Place 40 g. of 
thionyl chloride (one-third mol) in the bulb and surround it with 
a mixture of ice and salt. Then allow 31 g. of alcohol (which has 
been dehydrated by standing two hours over a large quantity of 
quicklime and then distilled), to drop into the flask. The alcohol 
should be added very slowly at first, as the reaction is violent and 
considerable heat is evolved. The operation requires thirty to 
forty-five minutes. Finally let the licjuid become warmed to room 
temperature, whereby hydrogen chloride escapes freely (Hood), 
exchange the dropping funnel for a tlicrmonictcr, and distil. 
At first, in addition to hy<Irogen chloride, a little alcohol passes 
over, then about 38 g. of ethyl sulphite distils between 130° and 
160°. Redistil the crude product after cleaning and drying the 
apparatus. About 35 grams of the pure ester are obtained, lioiling 
at 158° to 158.5°. 

The ester is a colorless oil of an agreeable odor, and is some- 
what more viscous than water. It is not decomposed by water 
even on boiling, but when treated with caustic soda, it is saponi- 
fied with the formation of ethyl alcohol and sodium sulphite. 
Warm a few drops of the ester with 2 c.c. of caustic soda and a 
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fe\v^ drops of alcohol, drive off the latter l)v boiling a short time, 
cool, and acidify the solution with dilute sulphuric acid. Sul- 
phur dioxide escapes and can be recognized by its odor. 

Saponify a second portion in like manner by adding barium 
hydioxide together with a few drops of alcohol; boil off the 
alcohol and acidify the cooled solution with nitric acid. At first 
no change is noticed, but on boiling a cloudiness appears which 
is* caused by the precipitation of barium sulphate. 

156. Unsymmetrical Diethyl Sulphite, C2H5.S02.0€3Hg. 

To prepare silver sulphite, which is to serve as the starting 
inaterial for this preparation, pass a stream of sulphur dioxide 
into a solution of 150 g. silver nitrate in 500 c.c. of water. Keep 
the mixture cooled with water, and continue the process until a 
small filtered portion of the solution no longer gives a precipitate 
with hydrochloric acid. Drain the precipitated silver sulphite 
immediately and wash it successively with water, alcohol, and 
ether; then dry it over sulphuric acid in a vacuum desiccator. 

The next day place the silver sulphite and l.l times its weight 
of ethyl iodide in a flask, provided with a return condenser, and 
allow the mixture to stand overnight. The top of the condenser 
should be closed wdth a calcium chloride tube to exclude moisture; 
the outer jacket should be filled with water, but a constant flow 
need not be maintained. After 24 hours, add 150 to 200 c.c. of 
thoroughly dry ether (which has stood for several days in con- 
tact with sodium wire), and boil the mixture six hours on the 
water-bath with return condensation, still protecting from atmos- 
pheric moisture with the calcium chloride tube. Filter the liquid 
from the silver iodide^ and wash the latter with ether; distil the 
ether from the filtrate, using a tower containing glass beads. Then 
fractionate the liquid in a smaller flask, using a tower with a column 
of glass beads 13 cm. high and 1.5 cm. wide (cf. No. 151). Reject 
the first runnings up to 100°; collect two fractions, first from 100° 
to 200°, and second at above 200°, and refractionate these portions 
repeatedly according to the process described in No. 151. The 

^ Recover the silver from the silver iodide residue by reducing it with a 
warm solution of sodium hydi’oxide and grape sugar, and then melting the 
silver powder obtained with twice its weight of sodium carbonate. 
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pure, unsymmetrical diethyl sulphite boils sharply at 214°-215°' 
(760 mm.). Yield, 12 to 18 grams of a colorless oil, quite similar 
to the symmetrical ester. It is immiscible with water, but is slowly 
saponified by it. Alkalies in alcoholic solution cause saponifica- 
tion to take place more quickly. 

C2H5SO2.OCJHS + HjO = CjHi,SOj.OH + CjHjOH. 

Allow four drops of the ester to stand a few minutes with an 
equal amount of alcoholic potassium hydroxide solution. The 
mixture becomes warm and a solid separates. On acidifying 
with sulphuric acid and lioiling, no sulphur dioxide is evolved. 
This behavior distinguishes the unsymmetrical from the sym- 
metrical ester. 

157 . Trlcthyl Phosphate, POfOCoHj),, 

-Add 14 g. of freshly-cut sodium to 150 c.c. of absolute alcohol, 
and after the reaction moderates, heat the mixture on the water- 
bath with a return condenser until all the metal has dissolved. 
Cool the sodium ethylate solution with ice and salt, then add, 
drop by drop, 31 g. of phosphorus oxychloride (No. 46); each drop 
reacts energetically and much heat is evolved. Aftoi’ some time, 
drain the solution on a Buchner funnel from the precipitated 
sodium chloride and rinse the residue with a little anhydrous ether. 
The sodium chloride is so finely divided, however, that it cannot 
be removed completely. Distil the alcohol and ether from the 
filtrate, placing the bulb of the flask on the water-bath and wrap- 
ping the upper part and neck with a towel. Pour the residual 
liquid through a smaller filter — it still comes through somewhat 
cloudy — and distil it from a fractionating flask with a side-arm 
condenser (Fig. 7, p. 6). Collect the first runnings up to 110° 
and the main portion above 110°; some sodium chloride is left 
in the flask. Fractionate the distillate which comes over above 
110° twice more from the same distilling flask, after cleaning it; a 
pure product is readily obtained which boils sharply at 217°-218°. 
Yield, 20 to 25 g. Triethyl phosphate is a colorless oil having a 
typical etherial odor. It is miscible with water and is saponified 
by it to diethyl phosphoric acid. 
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158. Tetraethyl Silicate, Si(OC 2 Hg) 4 « 

To about 20 g. of silicon tetrachloride (No. 51) in a small flask 
allpw 1.1 times its weight of absolute alcohol to flow slowly from a 
dropping funnel. The alcohol must have been boiled^with quick- 
lime for several hours immediately beforehand and then distilled 
out of contact with moisture. During the operation hydrogen 
chloride escapes in quantity; it is not necessary to cool the mix- 
ture since it becomes warmed but little. 

Purify the crude product by distilling it from a small round- 
bottomed flask and through a fractionating tower containing a 
13 cm. column of glass beads. Use an air condenser consisting 
of a tube 40 cm. long and 1 to 1.5 cm. in diameter, which is loosely 
• slipped over the side-arm of the tower; a cork connection is unneces- 
sary. Collect two fractions during the first distillation — the first 
one, which is large in quantity, between 160° and 175°, and the 
second, which is smaller, between 175° and 185°. On the second 
fractionation, collect a small amount of first runnings and then 
portions from 167° to 170° and from 170° to 180°, lespectively. 
Finally, after cleaning and drying the apparatus, distil the 
fraction boilipg between 167° and 170° again, whereby nearly 
all goes over between 168° and 169°. Yield, 13-15 g. 

Small amounts of higher boiling by-products are formed and 
consist of esters of metasilicic and polysilicic acids. 

Tetraethyl silicate is a colorless liquid having a typical etherial 
odor; it is immiscible with water, but it dissolves in dilute alcohol 
and gradually undergoes hydrolysis in that solution. 


METAL-ORGANIC C03IPOUNDS. 

The metal in the mctal-organic compounds is bound directly to hydro- 
carbon radicals or to carbon monoxide: Zn(C 2 H 5 ) 2 , zinc ethyl (No: 159); 
Pb(CfiH 5 ) 4 , lead tetraphcnyl (No. 160); Ni(CO) 4 , nickel carbonyl (No. 161). 
The low boiling-points of these compounds, which would scarcely lead one to 
suspect the presence of a metal, permit in most cases a ready determination 
of the vapor density and thus of the molecular weight. In this respect, as 
in fact in almo.st their entire chemical behavior (e.g. the ready solubility in 
organic solvents), these compounds show themselves to bej closely related to 
the purely organic compounds. It is, therefore, not surprising that the 
theory which has found its most specific application, as well as its greatest 
success, in the fidd of organic chemistry — namely the valence theory in its 
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original form — should have originated in the discovery of these very metal** 
organic compounds:' It was not until Frankland (1853) had recognized that 
the saturation capacity of the metals in these compounds could be measured 
by the number of univalent organic radicals which are joined directly to the 
metal atom that this combining capacity began to be regarded as a funda- 
mental property of the metalg — as well as of all other elements — which 
governs their behavior in all of their compounds. 

159. Zinc Ethyl. Zn(C 2 H 5 ) 2 . 

Zinc and ethyl iodide when heated together combine to form ethyl-zinc 
iodide: 

Zn + I.C,II, = C,H,.Zn.I, 

and upon stronger heating the ethyl-zinc iodide is transformed into zinc 
ethyl and zinc iodide: 

2 CJI^.Zn.I = ZnCCyis),, + Znl,. 

The formation of ethyl-zinc iodide, which does not always prove success- 
ful when zinc alone is used, can be accomplished with certainty if instead 
of zinc an intimate mixture of zinc and copper (zinc-copper couple) is 
employc'd. 

Zinc ethyl takes fire spontaneously when it comes in contact with the air, 
and it is, therefore, a dangerous substance. Above all, care should be taken to 
prevent its coming in contact with the skin, for the burns produced heal 
only with difficulty. With suitable precautions, however, it is possible to 
W’ork quite safely with zinc ethyl; it can, for example, be transferred from 
one vessel to another without danger if a plentiful supply of carbon dioxide is 
allowed to flow over the openings as well as to fill tlie interiors of tho 
vessels. 

Place an intimate mixture of 100 g. zinc dust and 12 g. of finely 
powdered and sifted copp/er oxide in a glass tube of 2.5 cm. diam- 
eter. La}" the tube in a shallow trough of asbestos paper over 
a row’ Inirncr and pass into it a stream of dry hydrogen. After 
proving tho purity of the hydrogen, heat the mixture gently, 
allowing the flames to only just touch the asbestos. During the 
reducl on the mass becomes lighter in color and sw’ells up to a 
considerable extent; on this account the tube ought not to be 
more than half filled with the mixture at the outset. At the end 
of half an hour, if no more water vapor escapes from the tube, 
extinguish the flame and allow the material to cool in an atmos- 
phere of hydrogen. 

Place 100 g. of this zinc-copper mixture and 100 g. of ethyl 
iodide in a 200 to 300 c.c. Erlenmeyer flask and attach a return 
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condenser.. Heat the mixture on the water-bath until a thick, 
grayish mass is formed and no more ethyl iodide condenses and 
drips back (20 to 30 minutes). Then remove the condenser and 
place in the mouth of the flask a cork wh5ch is already fitted with 
a gas delivery tube to reach into the lower third of the flask and 
with another tube leading to a condenser. Place at the lower 
end of the condenser., to serve as a receiving vessel, a 100-cc. 
distilling flask with a side-arm condenser (Fig. 7, p. 6). All 
the joints should be made air-tight with corks. After filling 
the entire apparatus with carbon dioxide, heat* the Erlenmeyer 
flask to ISO to 220® in an oil-bath, whereupon zinc; ethyl distils 
over. 

Some time after the distillation is finished, disconnect the receiv- 
ing vessel and stopper it immediately with a cork, already made 
ready, which carries a thermometer and a carbon dioxide de- 
livery tube. Keeping a plentiful supply of carbon dioxide flowing 
through the apparatus, redistil the licpiid. Catch the first run- 
nings of zinc, ethyl mixed with ethyl iodide in a test-tube filled 
with carbon dioxide. At 110® interrupt the distillation, and 
replace the test-tul)e with a thick-walled tube drawn out near its 
upper end preparatory to being sealed off. Fill this tube like- 
wise with carbon dioxide and distil over all the liquid, heating 
the entire distilling flask at the last by fanning it with the .flame. 
Then seal the tube immediately with the blast lamp. Carefully 
avoid any access of air at this or any previous part of the opera- 
tion, since this would cause immediate ignition of the zinc ethyl. 
Boiling-point, 118®. Yield, about 30 

160 , Lead Tetraphenyl, Pb(CoH5)4, by Means of Grignard’s 
Reagent; Diphenyl Lead Iodide, PbCCgHrJJo. 

Tlie action of metallic magnesium upon cthcrial solutions of alkyl halides 
results, as was discovered by Grignard, in the formation of compounds in 
which the alkyl radical is bound directly to the magnesium: 

C«H,Br f Mg G«H,MgBr. 

The compounds formed arc soluble in ether, and themselves contain ether; 
their etherial solutions, which constitute the socalled '' (^rigyiarcV s reagent,^* 
can be employed for transferring alkyl groups to different metals as w^ell as to 
organic radicals of the most varied types. 

2 PbCh + -^C^H.MgBr - Pb + Pb(C«H,), + 2 MgCl, + 2 MgBr,. 
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Lead Tetraphenyl. Place 70 g. of perfectly dry ether, which 
has stood several days in contact with sodium wire, and 25 g. of 
brornbenzene in a small flask. Add 3.7 g. of magnesium ribbon 
which has been scraped ‘clean with a knife, close the flask with a 
calcium chloride tube and allow it to stand 24 hours in a dish of 
water. When all the magnesium has dissolved, add, while 
shaking, 24 g. of dry powdered jead chloride in small portions, 
and allow* the mixture to stand for two days with occasional 
shaking. Then add this mixture, a little at a time, to 200 c.c. of 
water and acidify faintly with dilute hydrochloric acid. Collect 
the precipitate (which is colored dark by precipitated lead) on a 
suction filter, wash it with water, and dry it in the hot closet. 
The mass becomes lighter colored on drying •and weighs about 
15 g. Boil the material with two successive portions of 100 c.c. 
each of benzene, using a reflux condenser, and concentrate the 
combined filtrates in a distilling apparatus' to about 75 c.c. Color- 
less, glistening prisms, melting-point 522° to 224°, crystallize from 
the liquid. Yield, 8 to 9 g. * 

Further concentration of the mother-liquid furnishes but little 
additional product. 

Dipheni/l-lead-iodide. {CQH^) 2 Pbl 2 - 

Two of the phenyl groups in lead tetraphenyl can be replaced with 
hydroxyl groups, or with acid radicals: 

Pb(C,H,).. 4- 2 L - (CoH,),PbI, + 2 

Dissolve 3 g. of lead tetraphenyl by warming it with 60 g. of 
chloroform. After cooling add carefully a cold solution of 3 g. 
iodine in a Tittle carbon disulphide until the color of the iodine 
just fails to disappear. Allow the yellow solution to evaporate 
in a warm place; extract the residue first with 10 c.c. and then 
with 5 cc. of carbon disulphide; concentrate^ the filtered extract 
to a volume of between 5 and 10 c.c.; and allow it to crystal- 
lize, after the addition of 2 to 3 c.c. of absolute alcohol. Drain 

' Benzene vapors are inflammable and bum with a smoky flame. 

* Small quantities of carbon bisulphide and other inflammable liquids can 
be evaporated over a free flame in an open vessel if the vapors are drawn 
rapidly away through a tube connected with the suction pump. The tube 
should be inserted about one-third the way into the beaker or flask. 
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the deep lem5n-yellow crystals, wash them with a little alcohol, 
and dry them at a gentle heat. The product melts with decom- 
position^ at 105 to 107®. The yield is not quite quantitative, as 
some lead iodide is always formed. 


Nickel Carbonyl, 2 Nl(CO) 4 . 

When carbon monoxide is conducted over very finely divided nickel, 
four molecules of ' e gas combine below 100° with one atom of niekel to form 
nickel carbonyl (boiling-point, 43°). At higher temperatures this compound 
dissociates and the nickel separates in the form of a dust, or deposits as a 
mirror on the walls. of the vessel. In making the preparation a careful main- 
tenance of the proper temperature and a state of very fine subdivision of the 
metal are important^ nickel is obtained in the desired condition by reducing 
nickel oxalate in a current of hydrogen. 

Treat a hot solution of nickel sulphate with oxalic acid, then 
add ammonia, but without entirely neutralizing the solution. 
The precipitation of nickel oxalate in this way is not quite 
quantitative, but the product can be washed readily by 
decanting with hot water. By draining the precipitate and 
drying it in the hot closet, a light-green, loose powder is' 
obtained. 

The carbon monoxide^ may be prepared by heating 30 g. of 
crystallized oxalic acid with 100 pc. of concentrated sulphuric 
acid, and passing the gas through two wash-bottles containing 
concentrated sodium hydroxide solution. Collect the carbon 
monoxide in a gasometer. 

The reduction of the nickel oxalate and the synthesis of the 
nickel carbonyl may l)e accomplished in the same apparatus. 

, Connect two sulphuric acid wash bottles in series at one end of a 
combustion tube about 26 cm. long,- and beyond them place a 
three-way cock through which cither hydrogen from a Kipp gen- 
erator or carbon monoxide from the gasometer may- enter. The 
carbon monoxide, befolte entering the tube, must l3e further purified 
from traces of carbon dioxide by passing througj^ tw’o bottles 
containing caustic soda solution. Place an asbestos heating 

‘ Diphenyl is formed: (Cfln 5 ) 2 Pbl 3 » Pbla -f CcHg.CgHg. The same 
decomposition takes place slowly even in a solution of diphenyl-lead-iodido. 
The diphenyl is easily recognized by its characteristic odor. 

* Mond, Danger, and Quincke, Chem. News, 62, 97 (isOO). 
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box‘ (cf. Fig. 4, p. 3) around the combustion tube and insert 
a thermometer into the clj^mber. Heat the tube by means of 
a Bunsen burner with a flame spreader, but do not place the 
flame immediately under the lower opening of the box. Clamp 
the combustion tube so that it slants downward a little and pro- 
vide an extra burner to expel any water which may condense 
inside the tube. 

Place 5 to 7 g. of nickel oxalate in the tube between two loose 
plugs of asbestos, replace the air completely with hydrogen, and 
heat the charge to 300° in a current of hydrogen until it has 
become black and no more water vapor escapes. Avoid a higher 
temperature, as the nickel would then lose its condition of fine 
subdivision. Then allow the temperature to sink to between 80° 
and 100°, and replace the hydrogen by means of a current of air- 
free caii)on monoxide (the wash bottles and connect'ons should 
be filled with carbon monoxide before beginning the operation). 
Test the escaping gases for nickel carbonyl as follows: 

1. Insert into the end of the combustion tube a cork carrying 
a tube drawn out to a capillary jet; set fire to the escaping gas; 
it burns with a l)rilliantly luminous flame from which metallic 
nickel is deposited upon a cold piece of porcelain in a form resem- 
bling soot. 

2. Conno(;t the combustion tube by means of rubber tubing 
with a carefully cleaned glass tube, and heat the latter gently 
with a Bunsen burner; a mirror of nickel is deposited in the 
heated part. If the tube is heated to redness the nickel is then 
precipitated in the form of a powder. 

Nickel carbonyl may 1)C condensed by passing the gas into a 
vessel surrounded by a freezing mixture. It is a colorless liquid 
which boils at 43° under 751 mm. pressure, and solidifies at — 25° 
to a mass of needle-shaped crystals. 

^ The openings in the cover of the heating b®x should be covered with 
discs of asbestos to avoid drafts. 



CHAPTER VII. 


PREPARATION OF COMPOUNDS OF THE RARE 
ELEMENTS FROM THEIR MINERALS. 

In this chapter methods are described for preparing; compounds of some 
of the rarer element.^. It has seemed advisable to <levote to these elements a 
special chapter in which the chief stress is laid upon the methods of working 
up the natural raw materials, and upon the characterization of the individual 
elements by tlie aid of their compounds, rather than upon a classification of 
the compounds according to types. 

1G2. Lithium Carbonate from Lepidolite, Pctalite, or Spodumenc; 

Spectroscopic Tests for Rubidium and Other Metals. 

^lix 100 g. of the finely powdered niincnd intiniately with 100 g. 
of aminoniuin chloride ami 200 g. of finely powdered calcium 
carbonate; heat the mixture in a clay crucible, at first gently for 
half an hour, and then strongly for an hour in the furnace. 
Ib^eak up the sintered mass and extract it about ten times l)y 
boiling witli 750 to 1000 c.c. of water in a large evaporating dish. 
Pour off the solution eaidi time through a plaited filter and begin 
at once to concentrate the filtrate in a second evaporating dish. 
After the entire filtrate has been reduced to about one liter, 
make it alkaline with ammonia and add ammonium carbonate 
until a little of the liquid when filtered gives no further precipi- 
tation with the reagent. Drain the solution, on a suction filter, 
from the precipitated calcium carbonate, and, as the latter con- 
tains some lithium carbonate, dis.solve it in acetic acid, dilute to 
about 1.5 liters and precipitate this solution cold with oxalic 
acid. After the precipitate has settled, filter and add the filtrate 
to the main solution of the lithium salt. Evaporate the entire 
solution to dryness, and drive off the ammonium salts from the 
residue by gentle ignition. Then moisten the substance with 
concentrated hydrochloric acid and dissolve it in a little hot 
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water; again evaporate the solution to itryness^ and dehydrate 
the residue completely by heating to about 160®. Extract the 
residue with absolute alcohol either in a Soxhlet apparatus or in 
a simple flask with a return condenser. In the latter case, extract 
eight times and distil each of the alcoholic solutions poured frorh 
the insoluble residue, using the alcohol, thus recovered, for the 
next extraction. Finally, after all of the alcohol has been dis- 
tilled from the extract, dissolve the salt in a little water and 
precipitate lithium carbonate, by adding ammonium carbonate 
and a little ammonia. From lepidolite 1 to 3 g. of pure lithium 
carbonate should be ol)tained, from petalite a little more, and 
from spodumene about twice as much. Test the purity of the 
preparation by means of the spectroscope. 

The insoluble salt left by the alcoholic extraction contains 
rubidium, besides other of the alkali metals. Dissolve it in 
water, treat the solution with about 1 c.c. of 10% chlorplatinic 
acid solution, and allow^ it to stand over night. Next morning 
filter off the insoluble chlorplatinates and ignite them in a Rose 
crucible in a current of hydrogen. Dissolve the residue in a 
little water and test it with the spectroscope for rubidium. 

Spectroscojnc Anal sis. 

The scale of the spectroscope, which is usually graduated arbi- 
trarily, must first be standardized according to the wave lengths 
of light. After the apparatus is properly set up, make ^ the 
sodium line fall upon a certain division of the scale; or, in case 
the scale telescope is not movable, observe the position of this 
line as accurately as possible. Then note the position of the 
following lines: 

Wave Length Wave Length 

Ka red 768 X 10“® mm. Srs blue 461 X 10“® mi 

Lia red 671 “ Ila red 656 

Na yellow 589 “ blue 486 “ 

Tl green 535 Ily violet 434 

The hydrogen lines are very sharp and easy to observe; ready 
prepared tubes filled with hydrogen under diminished pressure 
can be used, and are to be excited by means of an induction coil. 
Plot the scale readings as abscissas and the corresponding wave 
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leng^ths as ofdihates, and connect the separate points by a smooth 
curve. One miHimeter on the plot may be taken to represent 
one scale division, and one-half millimeter on the other axis to 
represent one unit of wave length. From this curve the wave 
"length may b^ read that corresponds to each division on tile 
scale.. 

*If the lithium preparation is pure it "shows only the line 671, 
and eventually the weaker line at 610, when subjected to the 
spectroscopic test. If it still contains calcium a red line appears 
at 616, and green bands at about 500. Rubidium is recognized 
by red lines at 795 and 780; caesium by the yellowish-red lines 
622, 601, 584, and the V)lue lines 459 and 456. 

163. Beryllium Hydroxide from Beryl. 

Beryl is essentially a beryllium aluminum silicate, 3 BeO.AbO^.n SiOj, 
and is most readily decomposed by treatment with acid ammonium fluoride, 
whereby silicon fluoride escapes as a gas, aluminum goes into the difficultly 
soluble aluminum flut)ride, and beryllium into the soluble beryllium fluoride. 
The beryllium fluoride is transformed into the sulphate, and the latter is dis- 
solved in water and freed from traces of aluminum by means of concentrated 
ammonium carbonate solution. Beryllium* remains in the solution as a double 
compound with ammonium carbonate. The small amount of iron present is 
precipitated by adding ammonium sulphide, and the beryllium is finally 
thrown from the filtrate in the form of hydroxide. 

Treat 50 g. of finely powdered beryl in a large platinum dish 
with 200 g.'of neutral ammonium fluoride and 300 g. of concen- 
trated hydrofluoric acid, and heat the mixture under the hood 
on a Babo funnel until thick vapors escape freely. Continue 
the healing and gradually increase the temperature until the 
escape of vapors practically ceases, allow the porous mass to 
cool, rub it to a powder with a platinum spatula or a wx)oden 
stick, and heat again until nothing more is vaporized. Boil the 
residue, which amounts to about 87 g., five times with water,^ 
allowing the sediment to settle and decanting the clear liquid 
through a plaited filter after each extraction. About 15 g. of 
aluminum fluoride remain undissolved after this treatment. 
Evaporate the filtrate in a platinum dish, heat the. residue with 
30 g. of concentrated sulphuric acid until thick fumes of sulphur 
trioxide escape, and dissolve the dry sulphate in 100 to 200 c.c. of 
water. Stir this solution slowly into a cold solution of 150 g. of 
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ammonium carbonate in 600 c.c. of water, whereby only a slight 
clouding should occur. Then dilute , with an equal volume of 
boiling water and add 2 to 3 c.c. of ammonium sulphide, whereby 
any iron present — which usually but little — gives a voluminous 
precipitate of iron sulphide. Filter through a large plaited filter, 
the point of which is reinforced by linen cloth folded under 
it. Wash the precipitate with hot water containing a little 
ammonium sulphide, and concentrate the filtrate to one-half. 
The beryllium precipitates as beryllium hydroxide during the 
evaporation. Collect the precipitate on a filter and boil down 
the solution still further, thus obtaining the little beryllium 
which is left as a less pure product than the first. Wash the 
hydroxide with water and dry it at a gentle heat. Yield, about 
13 g. By igniting, 5 to 6 g. of beryllium oxide could be obtained 
as a loose white powder, but for use in the following preparation 
the hydroxide should be taken. 

If a large platinum dish is not available for the above work, a 
sheet-iron crucible can be used. 

164, Basic Beryllium Acetate, Be4()(CH3C02)o. 

Beryllium hydroxide and acetic acid form a stable and very remarkable 
compound of the above composition. It melts undocoinposed sharply at 
289.5, and boils, also without decomposition, at 342 to 343®. This acetate 
can be used to purify beryllium preparations from all other metals, and it 
can be obtained of such a definite composition and in sucli a hij^h degree of 
purity that it lias been used for determining the atomic weight of beryllium.’ 

Dissolve the beryllium hydroxide obtained in No. 163 by 
warming it with dilute a(!Ctic acid. p]vaporate the solution on 
the water bath and dissolve the gummy residue in about 200 c.c. 
of glacial acetic acid (Hood). Heat the mixture (still under the 
hood) and filter the solution at the boiling temperature; the salt 
crystallizes on cooling in beautiful colorless needles or octahedra. 
Concentrate the mother-liquor to one-fourth, in order to obtain 
the small remainder of the salt, and dry the entire product in 
the steam closet. 

Determine the melting-point. Boil a sample of the prepar4a- 
tion in a test-tube; the vapors condense on the cooler upper 
walls to form a white crust, and almost no residue remains in the 


* C. L. Parsons: J. Am. Chem. Soc. 27, 721 (1004). 
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bottom of the tube. The salt is insoluble in cold water but is 
decomposed by hot water. It is slightly soluble in alcohol, less 
so in ether, but dissolves readily in chloroform. 


165* Columbium and Tantalum Compounds from Columbite. 

Columbium and antalura, the most important elements in columbite and 
tantalite, are sepaiated from one another by crystallizing their potassium 
double fluorides. Potassium tantalum heptafluoride, K^LTaP^], is but spar- 
ingly soluble, and crystallizes from a dilute solution, whereas potassium 
columbium oxyfluoride, [CbOF J, separates only from a concentrated solu- 
tion. This classic method was originated by Marignac in 1866, and is still 
us(m 1 almost exclusively; in this way the first perfect separation of the two 
elements was obtained. 

Concerning the history* of these elements, it is of interest to note that 
Hatchett, in 1801, first obtained from American columbite a peculiar acid 
which ten years later was shown by the researches of Wollaston to bo identi- 
cal with a similar acid obtained by Eckeberg in 1802 from Swc<lish minerals 
aiul naiiKid by him tantalic acid. Tlie influence of Berzelius led to the adop- 
tion of the name tantalum for the element. By more careful researches dat- 
ing from 18-11, II, Rose found in columbite a new element, columbium, and 
of this ho was the first to obtain pure compounds. He befieved for a time 
that a third clement, which lie named pelopium, was also present. Matters 
were further complicated by the assumption by various investigators of other 
olemciils in this group, and it remained for the work of Marignac to show 
that all of the minerals worked with contained both columbium and tantalum 
in varying proportions, and that the preparations studied up to that time 
wore, for the most part, mixtures. 

H(^ut 100 g. of potassium bisulphate gently in a platinum dish 
until it has reached’ a state of quiet fusion; allow the mass to 
just solidify, and distribute 25 g. of finely powdered columbite 
over its surface. Heat again with slowly rising temperature 
until filially a (dear melt is obtained. Allow the mass to (X)ol, or 
(dull it by placing in cold water; break up the solid mass and 
allow it to stand in water over night. Next morning pour off 
the clear solution, and boil out the residue several times with 
water containing a little hydrochloric acid. Finally collect tlic 
residue on a plaited filter, wash it with hot water containing 
hydrochloric acid, and dry it in the hot (doset. 

To purify this product completely, fuse it again with potassium 
bisulphate exactly as before and wash the residue very thonuighly 
witli the dilute acid. Yield, 25 g. of a powder (xinsisting of the 
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oxides of tantalum and columbium, and containing 30 to 50% of 
water; the powder is usually entirely free ♦from iron. 

Determine the actual amount of the oxides present by igniting 
0.6 g. of the powder in a platinum crucible to constant weight. 
For each gram of the anhydrous oxides, 2.5 g. of concentrated 
hydro|uoric acid and 0.5 g. of potassium carbonate are to be 
used. *'The hydrofluoric acid must be pure and altjpve all free 
from fluo^ilicic* acid. Test for the presence of the latter with 
potassium salt solution in a platinum crucible. 

First dissolve the oxides in the hydrofluoric acid, and pour the 
solution cold* through a plaited filter placed in a funnel which 
has been coated with paraffin. Allow the filtrate to run into a 
platinum dish containing a filtered solytioh of the required 
amount of potassium carbonate. Dissolve the resulting precipi- 
tate by boiling and adding sufficient water, then evaporate the 
solution until crystals begin to deposit. On cooling, fine needles 
of potassium tantalum fluoride are obtained. After twelve hours 
collect the crystals on a plaited filter in a paraffined funnel 
and wash them with cold water. On further evaporation of the 
filtrate the remainder of this salt (which is but very little) can 
bo obtained. 

Finally, concentrate the solution to a much smaller volume 
until, instead of the fine needle-like crystals, larger thin plates of 
potassium columbium oxyflum*ide are obtained. Several further 
crops of these crystals should be obtained from the mother-liquor. 

Recrystallize both of the salts from water containing some 
hydrofluoric acid. Yield, usually about 1.5 g. KsLTaT^] and 30 g. 
K 2 [CbOF 5 ]; but the relative quantities of the two salts vary 
according to the composition of the original material. 

160 . Molybdenum Compounds from Molybdenite. 

Molybdenum occurs in nature to some extent in the form of molybdates 
(wulfenite, PbMoO^, and powellite, CaMoO^), but the most important ore is 
the sulphide (molybdenite, MoS^). 

(a) Ammonium Molybdatej H ^) 2 MoO ^.7 Mo0^2 H^O 

Grind 50 g. of molybdenite and sift it through fine wire gauze; 
grind again all the powder that will not pass through the sieve, 
and continue the process until nothing remains behind. Roast 
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the powder in a small evaporating dish, heating strongly with a 
Fletclier burner, and stirring frequently until the mass has been 
largely converted into 'yellow molybdenum trioxide and the sul- 
phur has escaped as sulphur dioxide. Carried out in this manner 
the roasting consumes from four to six hours; if it is carried out 
in a porcelain tube, in which a better circulation of air is obtained, 
the same re^lt is accomplished in from thirty minutes to an 
hour,^ The tube should be about 25 cm; long and 3 cm. in diam- 
eter, and shou® be placed in a slightly inclined position within 
an asbestos heating chamber (Fig. 4, p. 3). 

Extract the roasted product with 2-normar ammonia solution,, 
dry the dark-colored residue, roast it, and extract it again with 
ammonia; finally repeat the process once more, when nothing 
but a grayish gangue remains. 

To the entire ammoniacal extract add three drops of ammo- 
nium sulphide to precipitate traces of copper; after standing 
twelve hours, filter, add a drop of bromine to the filtrate, and 
evaporate until crystallization takes place, adding at the last a 
few drops of concentrated ammonia. The addition of a little 
alcohol aids the separation of crystals. Dry the product in the 
air. Yield, 35 to 40 g. of small flake-like crystals; theoretical 
yield from pure molybdenite, 47.5 g. 

A dilute solution of ammonium molybdate slightly acidified 
with hydrochloric acid, gives a dark-blue color wdicn treated with 
one drop of stannous chloride; upon further addition of this 
reagent it becomes a dirty green. Dependent preparation : Molyb- 
denum Blue, No. 24. 

(5) Oxides of Molybdenum. 

Molyhdenuyn Trioxide ^ MoO^. Ignite some ammonium molyb- 
date at first gently and then strongly in an evaporating dish. 
The ignited product usually contains some lower oxide; to 
change this completely to the trioxide, place the material in a 
combustion tube and heat in a slow current of oxygen, using 
a row burner (Fig. 2) and covering the tube with an asbestos 
mantle. Do not heat the substance sulficiently to volatilize 
the molybdenum trioxide. 

Molybdenum Dioxide y MoO^- Place 2 g. of molybdenum triox- 
ide in a weighed glass tube, about 35 cm. long,, which* has been 
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d^a^n put a lifU6-4t>?oiifi atid fill tl^e tijbe with hydrogen 
which has bcten ti^a»hed lucc^Mvely^ wilh «aus$ic soda solqtioii, 
"silW - nitrate, pqjassluttf permSngans-tei^ an^ sulphuric acH; 
Heat in the atiii^sphere of hydroj^n 'for 15 ininutes^ to^moder-- 
ate redness so that tfie templferat;|ire surely exceeds 470®. When 
cold, determine the loss in weight, and if necessary repeat tbh 
heating until finally the change in weight corresponds tq the 
change from the trioxide to the dioxide. In this way a reddish- 
brown glistening powder is obtained.^ Stronger ignition in 
h}'drogen causes the formation of metallic molybdenum. 

(c) Chlorides of Molybdenum. 

Molybdenum Dioxydichloride, M 0 O 2 CI 2 . Place 2 g. of molyb- 
denum dioxide in a glass tube about 50 cm. long, and oass over it 
a current of chlorine which is dry and entirely free from air. 
After the air is completely expelled from the tube, heat gently by 
means of a Bunsen Imrner with a flame spreader. The volatile 
molybdic acid chloride su])limes and deposits as a loose mass of 
pinkish-white plates in the colder parts of the tube. After the 
reaction is ended replace the chlorine with dry carbon dioxide, and 
when cold, cut the tube at a point between the residue and the 
sublimed producjt. Transfer the crystals immediately to a glass- 
stoppered tube, since they are very hygroscopic, and make the 
stopper air-tight with a little vaseline. 

Molybdenum PentacMoride, MoCl^. First prepare the neces- 
sary metallic molybdenum by heating 15 g. of molybdenum tri- 
oxide in a current of hydrogen as hot as possible in a combustion 
furnace until no more water vapor is evolved. This method of 
reduction recjirires about three hours, and even then it is expedi- 
ent to pulverize the product and to heat it a second time in hydro- 
gen. Molybdenum reduc.ed by the Goldschmidt method (see 
footnote below) may also be pulverized and used. 

Meanwhile construct, under a hood with a strong draft, the 
apparatus represented in Fig. 26. Make as indicated two con- 

* Molybdenum dioxide, l)eing non-volatilc, is especially suited for the 
aluipiriothermic produQtion of the fused metal. Place a mixture of 80 g. of 
molybdenum dioxide and 21 g. of aluminum powder in a clay crucible 
embedded in sand, and start the reaction by means of some fuse powder (cf. 
Np. 2). Yield, 70 to 80%. 
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strictions in the colxtbttstipn tube 89 :^e^/t>oj!p^, tl^^ 

inside diameter ia fiom l,p to 1.2 eMij while JtW righb-hi^d^ 
arm of' the tube is 32“ cnj. and the lep' arm 60 to 7^ cmi; long. ' 


fHoo) 



Fig. 26 . 


Place about 6 g. of powdered molybdenum in the shorter arm, 
and introduce carbon dioxide and hydrogen into the apparatus 
until all the air has been replaced in the wash bottles and the 
connections. Then close the pinch cock of the carbon dioxide 
tube, and, wiiile passing a slow current of hydrogen, heat the 
inolybdenuin as strongly as possible with a row luirner for one 
or two hours, preventing loss of heat l)y using the asbestos 
mantle. Drive out any condensed water through the open 
end of the tube, C, by fanning with a Bunsen flame. ' Allow 
the apparatus to cool completely while the hydrogen is still 
passing. Mcanwdiile start the action in the chlorine generator. 
Pass the chlorine gas through a wash bottle containing water, 
and then , through tw’o others containing concentrated sulphuric 
acid; at the outset, keep the rubber connector wh^ch admits to 
the combustion tube closed by means of a pinch cock, and allow 
the chlorine to escape as indicated through the side arm into the 
ventilating flue. When the air has been completely driven out 
of the evolution flask and from all the connections (w^hich, with a 
fairly rapid current of chlorine, requires about an hour), replace 
the hydrogen in the combustion tube with carbon dioxide, and 
then the latter with chlorine. The reaction begins either of 
itself or on heating very gently with the row burner. Streams of 
a dull-red vapor rise and condense beyond the constriction at B. 
By heating the molybdenum gently with the row burner and 
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occasionally playing a Bunsen flajne over 

bring the product ihto the section of the tut)& 

cipitates in a shower of very minute crystals*, h]|^ti)^l^ 

strongly. At the e^ of the operation dnly a 'few ^ay ‘^cfe 

remain behihd to the left of B. During t^d procQ^ihe^oiM* 4 r^ 

the tube at (7 is connected with a wide 'glass 

the flue. ' 

Allow the crystals to cool in a current of 'carbon dioxid^' dose 
C with a cork, and, with a blast lamp, fuse^the tube’ together 
at B. By repeatedly tapping the tube*loosen the, erj^tife and 
transfer them to a preparation tube which is mad> ready ’ as ioi- 
lows: Close one end of a fusible glass tube 35 cn . long and of 
the same width as the combustion tube, and make a constriction 
20 cm. above the closed end. Fill the tube with carboft dioxide, 
and place the open end over the narrowed end C of the com- 
bustion tube. As soon as the substance is transferred seal the 
constricted part o*f the preparation tube. Dissolve the residue 
adhering within the combustion tube in alcohol; considerable 
heat is evolved, and an emerald-green solution is obtained whicih, 
when treated with ammonia, gives a grayish-brown flocculent 
precipitate. 

Molybdenum Trichloride, MoClj. In an apparatus like that 
used for the preparation of the pentachloride, substitute a com- 
bustion tube prepared as shown in Fig. 27. The lengths of the 

A II c l> 

(T . : j 

Fig. 27. 

three sections of the tube are 32 cm., 8 cm., and 60 to 75 cm. 
respectively, and the inside diameter at the constrictions A, B, 
and C is from 1.0 t^ 1.2 cm. Proceed at first, exactly as directed 
alx)ve, to prepare molybdenum pentachloride from 6 g. of molyb- 
denum, and allow the greater part of this product to sublime 
into the longest section of the tube, while a small amount con- 
denses in the 8 cm. section. Allow the tube to cool, replace the 
chlorine by carbon dioxide and the latter by hydrogen. Then 
place the combustion tube in a somewhat inclined position so 
that D is higher than A. Heat the tube at C, while a fairly 
strong current of hydrogen is passing, until the pentachloride 
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then continue to heat so that 5 to 10 cm. of 
l^e^^^ibn-^ remains constantly filled with red vapors. At 

of chemical change; but after.some time 
^^dgeti Chloride can^be^ recognized in tbe^escaping^ gases, and, 
db ^:^€jn1ijl»^iisly va^riiii|g the pentachloride, whicS repeatedly 
condenses flows Kack, a copper-red film is deposited, and 
^rjdu^lly'a-maSs of the same or often a darker color is produced. 
€aAy^the heating gradually towards D until finally all the pen- 
tacfblwdO is coil verted to the trichloride; two to three hours are 
r^uingd for .this. Too strong heating is to be avoided, for the 
lower the temperature at which the transformation takes place 
the better the preparation. Finally, replace the hydrogen by car- 
bon dioxide and distil the remainder of the pentachloride from 
the 8 cm. section so that its vapor passes over the trichloride. 
Allow none of the pentachloride to remain with the preparation, 
but drive out all the excess at D after removing the escape tube 
which leads to the flue. Allow the preparation to cool, cut the 
tube into several pieces, and remove the crystals with a glass 
rod. Yield, 4 to 6 g. The product is not hygroscopic ; it consists 
usually of a crystalline mass the color of red phosphorus but 
sometimes of feathery (crystalline aggregates. 

167. Tu ng.sten Compound.s from Wolframite. 

The most common tungsten mineral is wolframite, which is essentially a 
mixture of manganous and ferrous tungstates. 

(a) Ammonium Tungstate, 5 (A/^ /f 4)21^04 . 7 IFO3. ^2^^- 

Boil 200 g. of finely powdered wolframite gently for about 
three hours in a 300-c.c. Erlenmeyer flask with 50 c.c. of concen- 
trated hydrochloric acid and 10 c.c. of concentrated nitric acid; 
replace from time to time the acid as it evaporates. Then dilute 
the mass with a large amount of water and decant off the solu- 
tion, which contains chiefly ferric and manganous chlorides, from 
the grayish-yellow easy-settling residue. Again boil the residue 
gently for two hours with the same mixture of acids and repeat 
the washing and decantation. 

Dilute the decanted liquids to a volume of 1.0 to 1.5 liters, 
and if after several hours a yellow precipitate of tungstic acid 
separates, collect it on a filter after pouring off most of the liquid, 
and add it to the main insoluble residue. 
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Wash the insoluble residue, consisting of silicic acid, unat- 
tacked wolframite, and yellow tungstic acid, first with water con- 
taining a little hydrochloric acid, and then with pure water; 
transfer the i)Owder to a beaker, and warm it on the water bath 
with enough 2-normal ammonia so that all of the tungstic acid 
passes into solution. Then filter and treat the residue with 
acids, etc., exactly as at fii*st, in order to make certain that no 
large amount of the original mineral remains unattacked. 
Finally, unite all the amrnoniacal extracts, filter the solution 
again, and concentrate it until crystals of ammonium tungstate 
begin to form. Then add 10 c.c. of concentrated ammonia and 
allow the solution to cool. Drain the colorless (irystalline meal 
on a filter, and work up the mother liquor until only a very little 
remains. Dry the preparation in the hot closet. Yield, about 90 g. 

A solution of ammonium tungstate gives a light-yellow pre- 
cipitate with stannous chloride. The prciapitate dissolves partly 
or wholly in concentrated hydrochloric acid, and, on heating the 
latter solution, a precipitate is thrown down which at first is 
dirty blue and later becomes pure dark blue. 

(b) Tungstic Acid and Tungsten Trioxide. 

Yellow Dibasic Tungstic Acidy Boil 3 g. of ammo- 

nium tungstate gently for five minutes in an evaporating dish 
with a mixture of 10 c.c. of (loncentrated hydrochloiic; acid 
and 5 c.c. of concentrated nitric acid. Allow the liquid to cool 
and dilute it with water, ('ollect the solid residue on a suction 
filter, wash it with hot water until the washings show a neutral 
reaction to Idiie litmus, and dry it in the hot closet.. By igniting 
the tungstic acid it loses one molecule of water and is transformed 
into tungsten trioxide. Determine the loss in weight. 

White Tungstic Acidj Dissolve 3 g. of ammonium 

tungstate in 30 c.c. of water with the addition of a few drops of 
ammonia. Then add to the solution at the room temperature an 
equal volume of 10% hydrochloric acid. White tungstic acid is 
thereby precipitated. After it settles, collect the solid and wash it 
with: hot water containing some hydrochloric acid. If the filtrate 
is opalescent by reflected light, it contains colloidal tungstic acid 
which can be precipitated by gentle heating. Dry the prepara- 
tion at a moderate temperature on top of the hot closet. 
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Tungsten Trioxide, W O 3 , This oxide can be obtained by heat- 
ing either of the above acids, or it can be formed directly from 
ammonium tungstate by heating the salt in a porcelain crucible 
at first over a Ibmson flame and finally over a ])last lamp. The 
oxide is a lemon-yellow powder which in the sunlight accpiires a 
greenish tinge. 

(c) Tungsten Hexachloride, WCl^. 

First prepare metallic tungsten, as a grayish-black powder, by 
reducing the trioxide in an atmosphere of hydrogen at the highest 
temperature obtainable in the combustion furnace. (Cf. the prep- 
aration of molybdenum under Mdlybdenum Pentachloride, p. 224.) 

Prepare tungsten hexacJiloride from the metallic tungsten 
according to the directions for obtaining molybdenum penta- 
chloride from molyl)denuni (p. 224). Here also it is important 
to exclude moisture and atmospheric oxygen with the greatest 
care. On passing chlorine over the metal some yellow tungsten 
oxychloride is formed at first; expel this by heating the tube with 
a. free flame, and allow the vapors to condemse only when they 
have become dark colored. The hexacdiloride is a dark-violet, 
very hygroscopic, crystalline powder, which must be preserved 
in a sealed tube. Light and jur change it to yellow tungstyl 
chloride, WO.Cb. 


168 . Working Up of Pitchblende and Testing of the Components 

for Radioactivity. 

Bcc(iuerel discovered in 1896 that pitchblende and uranium preparations 
send out peculiar radiations which, like the Roentgen rays, can be detected 
by their action upon photographic plate.s, and by their ability to make the 
air through which they pass a conductor of electricity. These radiations 
are called Bccquerel rays, and the substances emitting them are said to be 
radioactive. By separating pitchblende into its constituents and by testing 
each for its radioactivity, M. and Mine. Curie (1898) established the fact 
that the ability to emit Bccquerel rays l)ecomes concentrated in certain 
definite constituents; the barium sulphate, which they prepared from the 
barium residues obtained in the technical working up of the ore, was found 
to be particularly active; and from this they succeeded in isolating a new 
element, radium, which showed to the very highest degree the property of 
radioactivity. The lead, bismuth, uranium, and rare earths obtained from 
pitchblende are also radioactive, although to a lesser degree. 
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Uranium compounds are obtained technically from pitchblende by digest- 
ing the ore with nitric acid, evaporating to dryness, and extracting the 
residue with water; uranyl nitrate is crystallized from the solution. The 
insoluble material is then extracted with a large amount of sodium carbonate 
solution, whereby the rest of the uranium is dissolved as sodium uranyl car- 
bonate. The residues from this treatment form the starting material for 
obtaining radium. 

This discovery of radium and radioactivity was epoch-making for both 
physics and chemistry. So intense has the investigation of radioactivity 
become that special journals giving original literature and references to all 
work performed in this field arc now published both in Englisli and German. 

Pulverize 10 to 15 g. of pitchblende as finely as possible, and 
digest the powder for several hours on the water bath with a 
mixture of 20 g. of concentrated nitric acid and an equal amount 
of water. Evaporate the mixture to dryness, and treat the resi- 
due twice successively with 5 g. of the same acid mixture, evapo- 
rating each time to dryness. Extract the dry mass with water 
and evaporate the filtrate on the water batlu Place the dry 
residue from the aqueous solution in a flask, and extract it several 
times with warm ether until nothing more disvsolves; evaporate 
the ethereal solution of uranyl nitrate, taking care that the 
vapor does not take fire. Dissolve the salt in water, precipitate 
it with ammonia, and ignite the precipitate to uranium octo- 
oxide, UjOfi. 

Treat with aqua regia the water-insoluble residue from the 
nitric ifcid treatment, and evaporate the mass to dryness. Moisten 
the residue with a little concentrated hydrochloric acid, extract 
it with hot water, and combine the solution with an aqueous solu- 
tion of the residue left from the extraction with ether. 

Separate the constituents of the solution thus obtained accord- 
ing to the usual procedure of qualitative analysis. The working 
up of the hydrogen sulphide precipitate yields: (t) As, Sb, Sn; 
(2) Pb; (3) Bi; (4) Cu. Dissolve the ammonium sulphide pre- 
cipitate in hydrochloric acid, oxidize the solution, and precipitate 
Fe, Al, and the rare earths with ammonia. Treat this pre- 
cipitate immediately with concentrated sodium carbonate solu- 
tion, whereby the remainder of the uranium dissolves; it can be 
precipitated by caustic soda from this solution as sodium pyro- 
uranate. Dissolve the residue from the sodium carbonate treat- 
ment in as little hydrochloric acid as possible, nearly neutralize 
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the solution with ammonia, and then treat it with a solution of 
oxalic acid. This precipitates as oxalate any thorium that is 
present. On treating the filtrate with ammonia, the hydroxides 
of iron and aluminum are precipitated. The filtrate from the 
first precipitation with ammonia may contain zinc and cobalt; 
these metals should be precipitated with ammonium sulphide, 
but they need not be separated from each other. 

The filtrate from the ammonium sulphide group, on being 
treated with a^.iinonium oxalate, yields a precipitate of oxalates 
of the alkaline earth metals. 

That part of the ore which does not dissolve in nitric acid nor 
during the subsequent treatment with aqua regia, should be fused 
in a porcelain crucible with a mixture of wsodium and potassium 
carbonates. Extract the fusion with water, and wash the residue 
until the filtrate no longer gives a test for sulphate. Dissolve 
the carbonates in dilute nitric acid, and test the solution for lead 
and the alkalinfe earth metals. The combined alkaline earths 
should be separated from each other only when larger amounts of 
pitchblende are worked up. 


Testing for Radioactivity. 

(а) Photographically, Fold a piece of black paper around a 
photographic dry i)late (in the dark room), so that the sensitive 
side is covered with one thickness of the paper, and place the 
whole in a box with the sensitive side up. Upon the plate 
arrange samples of the original pitchblende and of the differenjt 
preparations obtained from it, each enveloped in a piece of paper. 
Record the jjosition of each specimen and then close the box. 
Open it at the end of twenty-four hours and develop the plate in 
the usual manner.' 

(б) Electroscopically. An approximate measure of activity 
can be obtained with the aid of a sensitive gold-leaf electroscope. 
A scale should be placed so that the distance between the gold 
leaves can be read. The top of the electroscope should consist of 
a metal plate, and ribove this at a definite distance a second metal 

* Uranyl nitrate, when prepared as above by the ether method, does not 
show its full activity at once; its maximum intensity is “recovered” very 
slowly, — one-half in twenty-two days. 
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plate that is connected with the earth should be supported. 
Charge the elec^troscope, and measure the conductivity of the 
layer of air between the two plates by determining the time 
required for the two leaves of the electroscope to reach the zero 
position. It is sufficient to observe over how many scale divi- 
sions the leaves pass within a certain length of time, e.g., the 
scale divisions per minute. To measure the activity, spread an 
amount of the substance, weighed to an accuracy of two figures, 
upon a piece of paper, and place the paper on the lower metal 
plate. Adjust the second plate in position, charge the electro- 
scope, and make the readings. The quotient obtained by divid- 
ing the number of scale divisions traversed per minute by the 
weight of the substance, gives the spc(afic activity. The ol)served 
rate may be corrected by subtracting from it the velocity with 
which the leaves come together in a blank experiment with none 
of the active preparation. • If it is desired to compare the values 
obtained with those that have been published in the literature, 
the apparatus may be standardized by using uranyl nitratOt. 

Of the active radiations, -the part consisting of the so-called 
a-rays is held ))ack by a sheet of paper. If, therefore, the experi- 
ment is repeated exactly as above, except that the preparation is 
covered with filter paper, the value then ()l)tained corresponds to 
the activity of the rays that pass through the paper, that is, of 
the so-called /?-rays. The differeruje between the two values gives 
the activity of the a-rays. Radioactive lead preparations emit 
principally a-rays. 

1G9. Uranium Compounds. 

As the starting material in the preparation of uranium compounds, cither 
uranium nitrate prepared from pitchblende acconiing to the following pro- 
cedure, or the commercial product, may be used. 

Uranyl Nitrate, 1 / 03 (^ 03 ) 2 . Heat 50 g. of finely powdered 
and sifted pitchblende in an evaporating dish with 150 c.c. of 
30% nitric acid until the excess of acid has been expelled. 
Extract the mass with hot water, and evaporate the filtered solu- 
tion to dryness on the water bath. Boil the dry residue repeat- 
edly with ether in a small flask, and evaporate the ethereal extract 
to dryness, taking great care that the vapor does not take fire.^ 
Recrystallize the last residue from water. Yield, about 35 g. 


' Cf. footnote 2, p 214. 
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Uranyl Hydroxide, UO^iOH)^. 

The hydroxide of hexavalent uranium is amphoteric, that is, it has 
acidic aS well as basic properties. With acids it forms the uranyl salts, e.f?., 
UO-ANO Ja; with bases it gives the difficultly soluble salts of pyro-iiranic 
acid, o.g., KalJoOy. For this reason the free uranyl hydroxide cannot bo 
obtained by adding a solution of an alkali hydroxide to one containing a 
uranyl salt; it is prepared by heating uranyl nitrate with anhydrous alcohol. 

Heat 20 g. of uranyl nitrate with 50 g. of absolute alcohol on the 
water bath in .oUch a way that the alcohol evaporates slowly, 
but does not boil. After some time yellow uranyl hydroxide 
separates; add more alcohol and evaporate further. Finally, 
extract the precipitate with water, and dry it at a moderate 
ten^perature. 

Alkali Pyro-iiranatcs. To a solution of yranyl nitrate, add 
potassium hydroxide, sodium hydroxide, or ammonia until all of 
the uranium is just precipitated. Drain the precipitate, wash it 
carefully with water and dry it in the hot closet. Sodium pyro- 
uranate is prepared industrially, and is used in the manufacture 
of yellow-green fluorescent glass. 

Ammoyimm U ranylcarhmiate , UO2C0^*2 {NH^)2C0^. Add a 
solution of ammonium carbonate carefully to a dilute solution 
containing 20 g. of uranyl nitrate until precipitation is just com- 
plete; an excess of the reagent dissolves the precipitate. Filter 
off the small, light-yellow crystals, and wash them successively 
with water, alcohol, and ether. On standing, the preparation 
loses ammonium carbonate. 

Uranium Trioxide, UO.^, Dry some uranyl ammonium carbon- 
ate, or uranyl hydroxide, at 100"^; then place it in a test-tube, and, 
while shaking, heat it in an oil or paraffin bath at 250® to 300® 
until the color has become brick-red. 

Uranium Octo-nxide, U^O^. This oxide is obtained by ignit- 
ing uranium trioxide (or any oxide of uranium), or, more con- 
veniently, ammonium pyro-uranate, in a porcelain crucible; it is 
a dark-green powder. 

Uranous Oxalate, U{CoO^) 2 - 

Uranyl salts are changed by reduction into uranous salts. The latter, 
however, are easily oxidized again, although the difficultly soluble uranous 
oxalate is relatively stable. A satisfactory reducing agent is the sodium salt 
of hyposulphurous acid, which can be procured in the form of a paste contain- 
ing t50% of the salt. 
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Prepare a solution containing 25 g. of the reducing agent, and 
add this to a solution of 26 g. of urahyl nitrate in 100 c.c. of water 
until the solution is decoldri;5cd; a precipitate is formed which is 
at first thrown in color but changes to a lighter shade. Dissolve 
the precipitate in hydrochloric acid, filter, and treat the filtrate 
with a hot solution of 15 g. of oxalic agid in 120 c.c. of water. 
About 26 g. of gray, finely-crystalliiie uranous oxalate are pre- 
cipitated. 

To purify the precipitate, dissolve it in a solution of neutral 
ammonium oxalate, using 6 g. of the latter salt and 100 c.c. of 
water for each 10 g. of uranous oxalate. Reprecipitate the salt 
from the filtered solution by adding hydrochloric; acid. After 
feorne hours filter off the precipitate, wash it with water and with 
alcohol, and dry it in the hot closet. Yield, 9 g. from each 10 g. 
of the impure salt. ^ 

Ammonium Urano-oxalaiCf {NIl 4 ) 4 [U{C 204 )^]. Digest 10 g. of 
uranous oxalate with a solution of 5 g. of neutral ammonium oxa- 
late in 50 c.c. of water; filter off the excess of uranous oxalate, 
and precipitate the double s§lt from the filtrate by adding alco- 
hol a little at a time. Allow the mixture to stand for one or two 
days, and then filter off the crystal meal which has by that tijue 
become coarser. Yield, 12 g. 

Uranium Tetrachloride y UCI 4 , Uranium tetrachloride is pre- 
pared in the apparatus described under No. 166 (c), by passing per- 
fectly dry chlorine over a mixture of uranium oxide, U^Og, and 
one-eighth of its weight of ignited wood charcoal, the whole 
being heated as hot as possible in a combustion furnace. The 
principle is the same as that outlined under No. 52. Uranium 
tetrachloride condenses in the front part of the tube, and is freed 
from admixed pentachloride by heating it in a current of carbon 
dioxide at about 150°. In this way a very hygroscopic ma.ss of 
greenish-black crystals is obtained. The tetrachloride dissolves 
in water with evolution of heat, and yields a green solution (cf. 
Uranous Oxalate). 

170. Thorium Compounds from Monazlte. 

Thorium was first discovered by Berzelius'^ in the rare Scandinavian min- 
erals thorite and orangite. When the oxide of thorium became of industrial 
importance through its use in the^Welsbach incandescent mantles, a more 
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abundant source was sought. ‘ This was found in the mineral monazite, a 
phosphate of the rare earths and of thorium, which contains 4 to 7% of thorium 
oxide and 50 to 60% of the rare earths, about one-half gf the latter being 
cerium oxide. This mineral occurs frequently, although only , in small 
amounts, in primary rocks; but it is found in some places concentrated in* 
secondary deposits. * • 

Add 100 g. of finely powdered monazite sand, a little at a time, 
to 150 g. of concentrated sulphuric acid which is heated to 200® 
in an evaporati^ g dish upon a Babo funnel. Keep the mass at 
this temperature for half an hour after all of the mineral is added; 
then allow it to cool completely, and pour it very slowly with 
constant stirring into 300 c.c. of water, whereby the temperature 
must not be allowed to rise above 25® at any time. Filter off the 
residue, dry it, and repeat the above treatment, using 50 to 75 g. 
of sulphuric acid, and subsequently adding' the mixture to 150 c.c. 
of water. 

Separation of Thorium. Unite the two solutions without dilut- 
ing them unnecessarily, and add a solution of 50 g. of oxalic 
acid ill 500 c.c. of water until no further precipitate forms. 
Filter off the precipitate, and wash 1t first with water containing 
small amounts of oxalic and sulphuric acids, and finally with a 
little pui’e water. Yield, about 75 g. 

Make the filtrate approximately neutral with sodium carbon- 
ate and again add oxalic acid to throw out thorium. This second 
precipitate is of one-third to one-fourth the quantity of the first, 
and is not entirely free from phosphates. It is well to set it 
aside and to work it up together with the fresh mineral when 
making the next preparation. 

Boil up the moist oxalates with a solution of 230 g. of anhy- 
drous sodium carbonate in one liter of water; the thorium dis- 
solves as sodium thorium carbonate, while the rare earths remain 
behind as carbonates. Filter the warm liquid immediately, and 
acidify the filtrate with hydrochloric acid; 3 to 4 g. of thorium 
oxalate are precipitated. 

In order to recover, the remainder of the thorium from the 
mixture of insoluble carbonates, dissolve the latter in just the 
necessary amount of nitric acid, evaporate the solution to dry- 

a- 

» It is interesting to note that although one kilo of thorium nitrate was 
worth about $500 in 1S94, the price had fallen to $7 in 1900. 
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ness on the water bath, dissolve the residue in hot water, and 
precipitate thorium hydroxide from the boiling solution by add- 
ing sodium thiosulphate.^ 

To precipitate the rare earths, add sodium carbonate to the 
filtrate from the thorium hydroxide, drain and wash the pre- 
cipitate, and dry it in the hot closet. This product may be 
worked up according to No. 171. 

Purification of the Thoritm, Dissolve the thorium precipi- 
tates in hydrochloric acid, adding, if ne(;essary, a little nitric 
acid; evaporate the solution to dryness, take up the residue in 
water, filter if necessary, and treat the solution at 60° with a 
solution of sodium thiosulphate. Collec^t the precipitate on a 
filter, wash it with water containing some ammonium nitrate (as 
it has a tendency to pass into colloidal solution), and ignite it to 
thorium dioxide. 

Thorium Sul])halc, Heat the thorium oxide with concen- 
trated sulphuric acid in a porcelain crucible until the excess of 
acid has ])een expelled, moisten the residue with a few drops 
more of sulphuric acid and heat it as before, but avoid bringing 
it to a red heat. Pulverize the thorium sulphate, which should 
be free from acid salt, and add it gradually, with vigorous 
stirring, to five times its weight of ice-water. If, after a little 
wdiile, a considerable residue remains undissolved, remove it and 
subject it again to the treatment with concentrated sulphuric 
acid. 

By warming the filtered solution to 30 — 35°, thorium sulphate 
octohydratc, Th ( 804)2 • ^ ^ 2 ^^ together with a little ennoahydrate, 
Th(S 04)2 • 9 IToO, is caused to separate. Maintain the solution 
at this temperature, and allow it to evaporate until all of the 
salt has separated. Drain the crystals, wash them with a 

* The salts of tetravalent thorium are more easily hydrolyzed than those 
of the trivaleiit rare-earth metals. Thus thorium hydroxide is precipitated 
while tlic salts of the trivalent metals remain unchanged. The principle of 
this separation is similar to that of the basic acetate method used in analyti- 
cal chemistry. ^ 

According to another method, the solution is warmed to CO to 70® together 
with an excess of a 10% hydrogen peroxide solution; the thorium and some 
cerium are thrown down in the form of a flocculent precipitate which can be 
easily filtered. 
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little water, then with alcohol, and dry them at the room 
temperature. 

Atomic Weight Determination of Thorium, In order to illus- 
trate the principle of an atomic weight determination by the sul- 
phate method, prepare first some anhydrous thorium sulphate 
from about 2 g. of the above hydrated salt. Heat the crystallized 
salt to 400° in a weighed platinum crucible which is supported by 
a platinum tricngle within a larger crucible. When the weight 
has ])Ccome constant, the amount of the anhydrous thorium sul- 
phate, «, is given by sulitraction. Then ignite the crucible over the 
blast lamp until the weight has again become constant. This gives 
the weight of tliorium 'dioxicle, h. If the atomic weight of oxj^gen 
is taken at 16.00 and that of sulphur as 32.06, the atomic weight 
of thorium is obtained by solving for a:-in the expression: 

a’ 4-2-32.064-8.16.00 _ a 
0:4-2.16.00 “'6* 

171. Separation of the Bare Earths. 

The rare earths form a group of very closely related sesquioxides, the 
separation and characterization of which for a long time offered considerable 
difficulties. The properties of tlie analogous compounds of these earths do 
not differ sharply enough from each other to permit a complete separation 
to be made in a single operation; but the slight gradations in the properties 
may in general be u.sed to effect a sati.sfactory separation if a given pro- 
C('ss is systematically repeated again and again. When those slight grada- 
tions arc taken into account, the rare earths fall into a cIa.ssificatioii wliich 
corresponds closely to their occurrence in nature. 

The first distinction is made between the cerium earths and the yttrium 
earths. The latter were discovered by Gadolin at the end of the eighteenth 
century in a mineral found in a feldspar quarry near Ytt(‘rby, in Sweden, and 
afterwards named after him gadolinite. The cerium eartlis were di.scovered 
at the beginning of the last century by Berzelius ainl llisinger in the mineral 
cerite which had previously been investigated by Scheele without success. 
Soon afterwards Ianthan\iin and didymium were discovered in the first half of 
the nineteenth century by Mosander, a pupil and friend of Berzelius. This 
same investigator found that yttrium is accompanied by terbium and erbium. 
The separation of the earths was accomplished by two different proce.s.ses 
which in a more perfected form serve even to-day as the standard methods. 
Of those processes, one rests upon differences in the basicity of the earths, as 
manifested in the varying hydrolytic and thermic dissociation of their salts; 
the second process rests upon differences in the solubility of the double salts. 
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The ’cerium earths are more weakly basic and form more^ difficultly soluble 
potassium double sulphates than the yttrium earths. .Cerium itself occu- 
pies a characteristic position, as it is the only member of the group from 
which two series of salts are derived: the cerous salts with trivalent cerium, 
and the ceric salts containing tetravalent cerium. 

For the qualitative characterization of the earths, the color of their salts 
is first of all of importance. Lanthanum and cerous salts are colorless, cOric 
salts are ycllowisli-red, erbium salts pink, didymiiim salts violet. It marked 
then the beginning of a new era in the history of the rare earths, when, in 
1861, through the application of spectrum analysis, it became possible to 
measure exactly the color of salt solutions by means of their absorption spec- 
tra, and the color of glowing vapors by means of emission spectra. It was in 
this epoch that the discovery of the periodic system of the elements was 
made (1869), by the aid of which MendelejelT first recognized the trivalency 
of the rare-earth metals and predicted the existence of the element scandium, 
which was later discovered by Nilson. Further investigation and the exami- 
nation of new minerals has since that time added a number of elements to 
the group. In the presence of diclymium Lecoq de Boisbaudran discovered 
samarium. In the group of the yttrium earths, which since the time of 
Mosander was studied especially by Bahr and Bunsen, ytterbium was dis- 
covered by Marignac, while Cleve added the elements holmium and thulium, 
Marignac also discovered gadolinium, which together with terbium and euro- 
pium occupies an intermediate position between the cerium and yttrium 
earths. Finally, didymium was separated by von Welsbach in 1885 into 
praseodymium, the salts of which are green, and neodymium, whose salts are 
violet. 

The most recent epoch dates from the technical application by von Wels- 
bach of thorium and cerium oxides in the incandescent gas-lighting industry. 

The following table gives a summary of the rare earths and their atomic 
weights: 


Cerium earths. 

j 

1 

Terbium earths. 

Yttrium earths. 

Lanthamiin, La 
Cerium, Ce 
Praseodymium, Pr 
Neodymium, Nd 
Samarium, Sm 

130.0 

Europium, Eu 

162.0 

Scandium, Sc 

44.1 

140.25 

(iadolmium, Gd 

157.3 

Yttrium, Y 

89.0 

140 6 

144.3 

160.4 

Terbium, Tb 

169.2 

Erbium, Plr 
Ytterbium, Yt 

167.4 

172.0 


As raw material for the rare-earth preparations, the mixture of carbon- 
ates obtained in working up monazite sand (No. 170) may be used. The 
crude cerium carbonate, or cerium oxalate, that can be obtained on the market, 
furnishes practically the same mixture of the earths, since it usually con- 
tains 40 to 50% of cerium salt, 15 to 20% of lanthanum salt, 25 to 30% of 
didymium salt, and 5 to 8% of yttrium earths. 

The cerium is precipitated, according to the method of Witt and Thcel, by 
adding ammonium persulphate to a boiling solution of the nitrates; ceric sul- 
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phate is thereby formed, but this is partially hydrolyzed, and an insoluble basic 
salt precipitates. ^^By neutralizing the acid set free by the hydrolysis, a com- 
plete precipitation is made possible, but on the other hand, it is necessary to 
keep the liquid slightly acid to prevent the other rare earths from precipi- 
tating with the cerium. All of the cerium is thrown down in this way, but 
it is contaminated with some lanthanum and didymiurn. 

Lanthanum and didymiurn are thrown out of the filtrate as potassium 
double sulphates; the yttrium earths remain in solution and can be precipi- 
tated as oxalates by adding ammonium oxalate. 

The products of this separation are then each further separated and 
purified. 

Dissolve 100 g. of the raw material by warming it on the water 
bath in 200 g. of concentrated nitric acid. The crude carbonate 
dissolves very quickly, but, if cerium oxalate is used, the addi- 
tion of fuming nitric acid is necessary to effect solution. Evapo- 
rate the solution on the water bath until it is of sirupy consis- 
tency, and then take it up in 1500 c.c. of water. Add 35 g. of 
ammonium persulphate to this solution and heat it to boiling in 
a large evaporating dish. Stir the liquid by means of a mechan- 
ical stirrer, and add powdered magnesium carbonate in small por- 
tions to the boiling mixture until finally Congo paper is no longer 
turned blue, although litmus is still reddened by the solution, — 
toward the last the magnesium carbonate should be added very 
cautiously. The reaction is complete when, even after boiling 
for five minutes, the liquid does not become acid to Congo* paper, 
although it must still turn litmus red. About 40 g. of the mag- 
nesium carbonate are required. Allow the dull-yellow precipi- 
tate to settle, drain it on the suction filter while it is still warm, 
and wash it with hot water. 

Test the filtrate for cerium as follow^s: To 2 c.c. of the solution 
add ammonium chloride and then ammonia; filter off and wash 
the precipitate and then dissolve it in 5 to 10 c.c. of hot concen- 
trated potassium carbonate solution. Treat the solution with 
hydrogen peroxide and some ammonia, and warm it. A slimy 
precipitate is produced, and if cerium is present both the solu- 
tion and the supernatant liquid are of an orange-yellow color; if 
cerium is absent the preeij^itate is white or a faint pink. The 
test is less sensitive if the original solution is warmed directly with 
hydrogen peroxide and sodium carbonate. If the above tests 
show that cerium is present, add more ammonium persulphate to 
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the solution and precipitate the cerium as before by adding mag- 
nesium carbonate. 

Bring the cerium-free filtrate to boiling in an evaporating dish, 
and, while stirring as before with the mechanical device, add 
powdered potassium sulphate (about 35 g. in all) until the didy- 
mium absorption bands can scarcely be detected spectroscopically 
in a filtered sami)lc of the solution. In making this test, use a 
pocket spectroscope; fill a test-tube of 2 to 3 cm. diameter — or 
still better a parallel-walled vessel of the same thickness — with 
the solution and place it between the slit of the spectroscope and 
a Welsbach light. The most easily recognized of the absorption 
bands of didymium are those to the right and left of the sodium 
line. If the solution is almost free from didymium, drain the pre- 
cipitate of the double sulphates, ^12(804)3* 3 K2SO4, of didymium 
and lanthanum, and wash it with a dilute potassium sulphate 
solution. 

Add ammonium oxalate to the filtrate, and after some hours 
wash the precipitate with cold water; this precipitate contains the 
remainder of the rare earths that were present in the monazite — 
chiefly the yttrium earths; these are not to be further separated. 

(a) Cerium Cornpounds, 

Working Up of the Cerium Precipitate. 

Cerium may be readily purified from other metals by forming ceric ammo- 
nium nitrate, (NIl4)2(;e(N03)fl, which is difficultly soluble in nitric acid. 

Weigh the dried cerium precipitate approximately, and boil it 
in an evaporating dish for 30 minutes with five times its weight of 
a 10% solution of sodium hydroxide. After letting the solution 
settle, decant off the liquid as completely as possil)le, and boil 
the residue with some fresh caustic soda solution. Pour off the 
solution again, and wash the residue by decantation with hot 
water, pouring all the liquid through a filter. Finally, collect the 
entire residue on the filter, wash it until free from solul)lc sul- 
phate, and dry it in the hot closet. 

Treat the ceric hydroxide thus obtained with 2.65 parts by 
weight of concentrated nitric acid (sp. gr. 1.4), filter the solu- 
tion through an asbestos felt in a Gooch crucible, and add to 
the filtrate a hot solution of 0.39 parts of ammonium nitrate in 
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1.15 parts of water. Evaporate the solution on the water bath 
until it begins to crystallize, then, after 12 hours, drain the red 
crystals of the double nitrate and wash them with a little nitric 
acid. Evaporate the mother-liquor to obtain several further 
fractions of crystals, and collect each fraction by itself. From 
the last mother-liquor, precipitate the remaining cerium, together 
with the impurities, by diluting with water and adding oxalic 
acid. " 

Ignite a small portion from each of the crystal fractions on a 
porcelain crucible cover over the blast lamp. The residue of 
ceric oxide is pale yellow when the cerium preparation is pure; 
if didyrniuin is present it is of a reddish to cho(!olaie-browm color. 
Ilecrystallize the fractions that are shown to impure by dissolv- 
ing the double nitrate in 1.6 to 1.7 times its weight of 40% nitric 
acid (3 parts HNO3, sp. gr. 1.4, and 2 parts H.>0). 

For the successful preparation of ceric; ammonium nitrate it is 
important to avoid reducing the tetravalent cerium. On this 
account the nitric acid w^hich is used as solvent must be boiled 
for a short time in a flask in order to expel lower oxides of 
nitrogen. 

Cerium Sulphides, 

Sulphides of cerium can be prepared by igniting cerous sulphate in a 
stream of hydrogen sulphide. If the temperature remains below 720° the 
dark-brown disulphide CeS.^ is formed; but if it is kept at a bright red heat, 
dark cinnabar-red cerous sulphide, ("C 2 S 3 , is produced. 

Add hydrogen peroxide to a boiling aqueous solution, con- 
taining 20 g. of ceric ammonium nitrate, until the liquid is decolor- 
ized; then add 7 g. of sulphuric acid and evaporate the solution 
to dryness. Place the residue in a short combustion tube and 
heat it in a stream of hydrogen sulphide which has been dried 
with calcium chloride. Heat the tube in a combustion furnace 
first to a dull red and later to a bright red, and occasionally 
revolve the tube on its long axis. 

If cerous sulphide has formed, the product dissolves in 
hydrochloric acid without residue; if the product contains cerium 
disulphide, free sulphur separates on this treatment. Test the 
hydrochloric acid solution with barium chloride to show whether 
the sulphate has been completely decomposed. 



'242 COMPOIJiJdS Gf' tHE. ; 

Cerous Chloridej^CtCJl^ 

Auhydroiis cerous chloride isTeadily obtained from the sulphide by 
ing the latter in a stream of hydrogen' chloride g*^. ' * * - * 

First prepare cerium sulphide in the manner just ^described;- 
allow the tube to partly cool, and pass , through* it "a sttroam of. 
thoroughly dry hydrogen chloride; then heat it agairi to dull* red- 
ness. The’ transformation is complete when the preparation hgs 
become pure white. 

Anhydrous cerous chloride forms a crystalline very hygroscopic 
mass. , " » 

Anhj/drous Ceric Sulphate, Qe(SOi) 2 ** Prepare ceric oxide by 
igniting (;eric ammonium nitrate strongly; pulverize the oxide, 
and boil it with a large excess of concentrated sulphuric acid, 
wherel)y it is converted into the deep-yellow Crystalline sulphate 
without being dissolved. Pour off the excess of aicid, wash the 
residue by decantation with glacial acetic 4 cid,* drain it on a 
hardened filter paper, and dry it over lime^in'' a vftcuum desiccator. 
Ceric sulphate dissolves to a considerable extent but never com- 
pletely in water; on boHing tl\e dilute solution an insoluble basic 
salt is precipitated. This behavior is utilized, as has been shown, 
in the separation of ceriuiQ from the other rare earths^ 


{b) Lanthanum Compounds, 

Lanthanum Carbonate from the Lanthanum- Didipnium Precipi- 
tate. Boil up the precipitate of the potassium double sulphates 
with five parts of concentrated nitric acid in a porcelain casserole,, 
and pour the entire mass into fifteen parts of boiling water. To 
the clear solution, which is colored violet by neodymium, add 
ammonium oxalate, — taking 0.7 to 0.8 g. 'to each 1 .0 g. of the 
double salt, ~ neutralize the solution with ammonia, and after 
some time filter off the precipitate. Wash and dry the latter, and 
ignite it over a FletcKcr burner in a porcelain or clay crucible, 
surrounded by a funnel to present loss of heat. Dissolve the 
brown oxide thus formed by heating on the water bath with as 
little concentrated nitric acid as possible, evaporate the solution 
to a sirupy consistency, and dissolve the nitrate^ in 1 liter of 
water. 
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To separate* the (litlymium fj^om the lanthanum, . aift magne- 
siuni oxide very slowly thjfough wire gauze into a the solution of 
■ . tlie nitrates, white thisjs kept boiling in a porcelain dish and is at 
the same time stirred ‘with a mechanical stirrer. The didymium 
is precipitated together with a little lanthaiiuni, hut the greater 
' part of the lantHanurn remains in solution free from didymium. 
'Control the ‘Separation I )y means of the spectroscope, and stop 
adding magnesium oxide when a filtered portion of the solution, 

, in a layer 3 cm thick, shows no trace of the didymium absorp- 
, tion bands. ' ' 

Filter off and wash the precipitate and work it up for didy- 
mium as (Utdeted below under (c). Precipitate the lanthanum 
from the filtrate by means of ammonium carbonate solution, 
after first adding 10 g. of ammonium chloride. In order to 
1 ‘einove all traces of magnesium, dissolve the precipitate in hydro- 
chloric; ackl grid reprecipitate it with ammonium (*ari)onate. 

Lanthanim' Sulphate, La.,{SO^)^*^ The emiea-hydrate 
of lanthanum sulphate is readily obtained from lanthanum oxide, 
which is itself prepared by igniting the carbonate. Following 
the directions given for the preparation of thorium sulphate 
(No. 170) treat the oxide with concentrated sulphuric; acid, dis- 
solve the anhydrous sulphate in ice-water, and then warm the 
solution. 

Determine the atomic wx'ight of lanthanum by the sulphate 
method (c;f. p. 236). 

Lanthanum Acetate, La (Cj 7/303)3 . 3 // 3 O. Ignite 5 g. of lan- 
thanum carbonate in a platinum crucible, pulverize the oxide thus 
formed, and treat it in a flask with three times its weight of gla- 
cial acetic acid; a reaction, takes plac*e with strong evolution of 
heat, either of itself or upon gentle heating. Dissolve the result- 
ing thick paste in as little water as possible, whereby only a very 
small residue remains, and evaporate the filtrate until crystalliza- 
tion takes place. Drain the crystals, wash them, first with 50% 
alcohol, and then with pure alcohol, and dry them in the hot 
closet. 

Dependent preparation: Lanthanum Blue, No. 23. 

Lanthanum Sulphide and Anhfdrms Lanthanum Chloride can 
be prepared according to the methods given for the correspond- 
ing cerium compounds. 
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(c) Didymium Compounds, 

Dissolve the didymium precipitate in as little warm nitric acid 
as possible, and treat the solution with magnesium oxide, as 
directed in the didymium-lanthaniim separation, until the didy- 
mium lines are only just faintly visible. Drain and wash the 
resulting precipitate, dissolve it in hydrochloric acid, and repre- 
cipitatc the didymium with ammonium carbonate; in order to 
remove the last traces of magnesium, dissolve and again reprecipi- 
tate the didymium carbonate. The preparation thus obtained 
consists chiefly of the neodymium salt, and is consequently pink 
in color. A separation from praseodymium is not possible on a 
small scale. 

Didymium Chloride mth Alcohol of Crystallization jDiClj^* SCiH^OH. 
Ignite 5 g. of didymium carbonate in a platinum crucible, dissolve 
the powdered didymium oxide by boiling with a saturated solu- 
tion of dry hydrogen chloride in anhydrous alcohol (about 50 c.c. 
are necessary), and filter the yellow solution, which has the con- 
sistency of thin sirup, through a felt of asbestos in a Gooch cruci- 
ble, Saturate the filtrate with dry hydrogen chloride gas. Drain 
the large light-red crystals which separate in the course of several 
hours, and wash them with a little alcohol. Yield, 6 to 7 g. 

Didymium Sulphide and Anhydrous Didymium Chloride can be 
prepared according to the methods given for the corresponding 
cerium compounds. 
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* Lyons's Tmtise on Electromagnetic Phmomena. Vols. I. and 11..8vo,each. 0 00 

* Mahan 's.Pei'manent Fortifications! (Mercur.) 8vo. half mor. 7 50 

Manual for Courts-martial Ifimo.mor. 1 , 50 

* Mercur's Attack of Fortified Places 12mo. 2 00 

♦ Elements of the Art of War 8vo, 4 00 

Nixon's Adjutants' Manual ,<.24mo. 1 00 

Peabody's Naval Architecture ,8vo, 7 50 

* Phelps's Practical Marine Surveying 8vo. 2 50 

Putnam's Nautical Charts 8vo. 2 00 

Rust’s Ex-meridian Altitude. Azimuth and Star Finding Tables 8vo, 5 00 

Sharpe's Art of Subsisting Armies in War 18mo, mor* 1 50 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing* 

24mo, leather* 50 

* Weaver’s Military Exr 'osives 8vo, 3 00 

Woodhull’s Notes on Military Hygiene lOmo* 1 50 


ASSAYING. 

Betts's Lead Refining by Electrolysis 8vo, 4 00 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo. mor. 1 50 

Furman and Pardoe's Manual of Practical Assaying. (Sixth Edition. Re- 
vised and Enlarged) 8 VO, 3 00 

Lodged Notes on Assaying and Metallurgical Laboratory Experiments.. 8vo, 3 00 

Low’s Technical Methods of Ore Analysis 8vo, 3 00 

Miller's Cyanide Process 12mo, 1 00 

Manual of Assaying 12mo, 1 00 

Minet’s Production of Aluminum and its Industrial Use. (Waldo.). ..12mo, 2 50 

O’Driscoll’s Notes on the Treatment of Gold Ores 8vo, 2 00 

Ricketts and Miller’s Notes on Assaying 8vo, 3 00 

Robine and Lenglen’s Cyanide Industry. (Le Clcrc.) 8vo, 4 00 

Ulke’s Modern Electrolytic Copper Refining 8vo, 3 00 

Wilson’s Chlorination Process 12mo, 1 60 

Cyanide Processes 12mo, 1 60 

ASTRONOMY. 

Comstock’s Field Astronomy for Engineers 8vo, 2 50 

Craig’s Azimuth 4to, 3 60 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Doolittle’s Treatise on Pracical Astronomy .8vo, 4 00 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Hosmer’s Azimuth 16mo, mor. I 00 

Merriman’s Elements of Precise Surveying and Geodesy 8vo, 2 50 

* Michie and Harlow’s Practical Astronomy 8vo, 3 00 

Rust’s Ex-meridian Altitude, Azimuth and Star-Finding Tables Svo, 5 00 

* White’s Elements of Theoretical and Descriptive Astronomy 12mo, 2 00 

CHEMISTRY. 

* Abderhalden’s Physiological Chemistry in Thirty Lectures. (Hall and 

Defren) Svo, 6 OQ 

* Abegg’s Theory of Electrolytic Dissociation, (von Ende.) 12mo, J. 25* 

Alexeyefi’s General Principles of Organic Syntheses. (Matthews.) Svo, 3 00» 

Allen’s Tables for Iron Analysis Svo. 3 00^ 

Armsby’s Principles of Animal Nutrition Svo, 4 00^ 

Arnold’s Compendium of Chemistry, (Mandel.) Large 12mo, 3 5(^< 

Association of Sj^gte and National Food and Dairy Departments. Hartford 

Meeting. 1006 Svo. 3 00* 

Jamestown Meeting, lOOir Svo. 3 OQf 
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12mo. $I so 




L,abot£itory Met hot Is 


' B/ancharO's SvnthetiV IriorganicChemistry.^^. . ’ 

. l„trad»ction to the Rarer Wemetit>. • . • • • • - 


; 2 00 
, 1 00 

1 50 

2 00 
3 00 
2 00 

3 00 

1 25 

2 00 

4 00 

3 00 

4 00 

1 25 

2 00 


♦ Bro^vninK's liitroOuction fo the ) 8vo. 3 ( 

♦ c/aas.sen'a Beet .su«ar Manu/acture. (HnltwooO ) Svn 3 C 

Classen's Quuntitativc Chemical Analyst.^ by hlcrtrolystf^. (« )>y,r,n 9 0 

Cohn’s Indicators and Test papers i-mo, ^ u 

Tests and Reagents 3 0( 

Danneci's Electrochemistry. (Merriam.) 12mo, 1 2i 

Dannerth's Methods of Textile Chemistry' I2mo, 2 0(; 

Puhem’s Thermodynamics and Chemistry, (Burgess.) 8vo, 4 00 

Effront’s Enzymes and their Applications. (Presaott.) 8vo, 3 00 

Etssler's Modem High Explosives 8vo, 4 00 

Erdmann’s Introduction to Chemical Preparations. (Dunlap.) 12mo, 1 25 

♦ Fischer’s Physiology of Alimentation Largo 12mo, 2 00 

Fletcher’s Practical Instructions in Quantitative Assaying with the Blowpipe. 

12mo, mor. 1 50 

Fowler’s Sewage Works Analyses 1 2mo. 2 1)0 

Fresenius’s Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (WelRlSvo, 3 00 

Quantitative Chemical Analysis. (Cohn.) 2 vols 8vo, 12 50 

When Sold Separately, Vol. I. $6. Vol. II, $S, 

Fuertes’s Water and Public Health l2mo, I 50 

Furman and Pardoc’s Manual of Practical Assaying. (Sixth Edition, 

Revised and Enlarged.) 8vo, 3 00 

♦ Getman’s Exorcises in Phy.sical Chemistry 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

♦ Gooch and Browning’s Outlines of Qualitative Chemical Analy.sis. 

Large 12mo, 1 25 

Grotenfcit’s Principles of Modem Dairy Practice. (Woll.) l2mo, 2 00 

Groth’s Introduction to Chemical Crystallography (Marshall) 12mo, 1 25 

Hammarsten’s Text-book of Physiological Chemistry. (Mandcl.) 8vo, 4 00 

Hanausek’s Microscopy of Technical Products. (Win ton.) 8vo, 5 00 

♦ Haskins and Macleod’s Organic Chemistry 12mo, 2 00 

Hering’s Ready Reference Tables (Conversion Factors)...,^ 16mo, mor. 2 50 

♦ Herrick’s Denatured or Industrial Alcohol y-V 8vo, 4 00 

Hinds’s Inorganic Chemistry 8vo, 3 00 

* Lal)oratory Manual for Students * 12mo, 1 00 

♦ Holleman's Laboratory Manual of Organic Chemistry for Beginners. 

(Walker.) l2mo, I 00 

Text-boolc of Inorganic Chemistry. (Cooper.) 8vo, 2 50 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 2 50 

♦ Holley’s Lead and Zinc Pigments Large 12mo, 3 00 

Holley and Ladd’s Analysis of Mixed Paints, Color Pigments, and Varnishes. 

Large 12mo, 2 50 

Hopkins’s Oil-chemists’ Handbook . .8vo, ,3 00 

Jackson’s Directions for Laboratory Work in Physiological Chemistry. .8vo, 1 2.5 

Johnson’s Rapid Methods for the Chemical Analysis of Speciat'^Steels, Steel- 
making Alloys and Graphite Large 12mo, 3 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

♦ Langworthy and Austen’s Occurrence of Aluminum in Vegetable Prod- 

ucts, Animal Products, and Natural Waters .8vo, 2 00 

Lassar-Cohn’s Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) l2mo, 100 

Leach’s Inspection and Analysis of Pood with Special Reference to State 

Control. 8vo, 7 50 

L6b's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

Lodge's Notes on Assaying and Metallui’gical Laboratory Experiments.. 8vo, 3 00 

Low’s Technical Method of Ore Analysili ; 8vo, 3 00 

Lunge’s Techno-chemical. Analysis. (Cohn.) 1 . 12mo, 1 00 

♦ McKay and Larsen’s Principles and Practice of Bufter>making 8vo, 1 50 

Mairc’s Modern Pigments and their Vehicles l2mo, 2 00 
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Mandel's Handbook for Bia>chemical Laboratory l^mo, $1 50 

* Martin's laboratory Guide to Qualitative Analysis with the Blowpipe 

12roo, .0 60 

Mason's Examination of Water. (Chemical anu Bacteriological.) 12mo, .L'‘25 

Water-supply. (Considered Principally from a Sanitary Staitdpolnt, ) 

8vo, 4 0« 

* Mathewson’s First Principles of Chefltetcar’Thooryr ^ - . -Svo, 1 00 

Matthews’s Laboratory Manual of Dyeing and Textile Chemistry.^'. . . .8vo, 3 60 

Textile Fibres. 2d Edition. Rewritten . ; .8vo, 4 00 

♦Meyer's Determination of Radicles in Carbon Compounds. (1 ingle.) 

Third Edition 12mo. 1 25 

Miller’s Cyanide Proce.ss 12mo, J 00 

Manual of Assaying * 12mo, 1 00 

Minet's Production of Aluminum ami its Industrial Use. (Walrlo.). . . 12mo, 2 50 

Mixtar’s Elementary Text-book of Chemistry 12mo, I 50 

Morgan’s Elements ol t^hysical Chemistry 1 2mo, 3 00 

Outline of the Theory of Solutions and its Results I2mo, I 00 

* Physical Chemistry for Electrical Engineers 12mo, 1 50 

Morse’s Calculations used in Cane-sugar Factories 16mo, mor. I 50 

* Muir’s History of Chemical Theories and Laws Svo, 4 00 

Mulliken’s General Method for the Identification of Pure Organic Compounds. 

Vol. I. Comfiounds of Carbon with Hydrogen and*Oxygen. Large Svo, 5 Of) 


Vol. II. Nitrogenous Compounds. (In Preparation). 

Vol. III. The Commercial Dyestuffs. (In Press). 

O’Driscoll's Notes on the Treatment of Gold Ores.. ,8v'o, 2 00 

Ostwald’s Conversations on Chemistry. Part One. (Ramsey.) I2mii, 1 5l> 

“ “ “ " Part Two. (Turnbull.) 12mo, 2 00 

Owen anil Standage’s Dyeing and Cleaning of Textile Fabrics 12mo, 2 Oi) 

♦ Palmer's Practical Test Book of Chemistry l2mo. I 00 

♦ Pauli’s Physical Chemi.stry in the Service of Medicine. (Fischer.). . 12mo, 1 25 

Penfield’s Tables of Minerals, Including the Use of Minerals and Statistic.^ 

of Domestic Production 8vo, 1 00 

Pictet’s Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 5 00 

Poole’s Calorific Power of Fuels .8vo, 3 00 

Prescott and Winslow’s Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis l2mo, I ,50 

♦ Rcisig’s Guide to Piece-Dyeing Svo, 25 00 

Richards and Woodman’s Air, Water, and Pood from a Sanitary Stanil- 

point Svo. ' 2 00 

Ricketts and Miller’s N 9 tcs on A.ssaying - . . .Svo, 3 00 

Ridcal's Disinfection the Preservation of Food Svo, 4 (K> 

Sewage and the Bacterial Purification of Sewage 8vo, 4 00 

Rigg’s Elementary Manual for the Chemical Laboratory Svo, 1 25 

Robinc and Lenglen’s Cyanide Inditstry. (Le Clcrc.) Svo, 4 00 

Ruddiman’s Incompatibilities in Prescriptions Svo, 2 00 

Whys in Pharmacy 12mo, I 00 

Ruer’s Elements of Metallography. (Mathewson). (In Press.) 

Sabin’s Industrial and Artistic Technology of Paint and Varnish Svo, 3 00 

Salkowski’s Physiological and Pathological Chemistry. (Orndorff.) Svo, 2 

Schimpf’s Essentials of Volumetric Analy.si.s 12mo, 1 25 

Manual of Volumetric Analysis. (Fifth Edition, Rewritten) Svo, 5 00 

♦ Qualitative Chemical Analysis Svo, 1 25 

Smith’s Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

Spencer’s Handbook for Cane Sugar Manufacturers 16mo, mor. 3 00 

Handbook for Chemists of Beet-sugar Houses 16mo, mor. 3 OO 

Stockbridge’s Rocks' and Soils Svo. 2 50 

Stone's Practical Testing of Gas and Gas Meters Svo, 3 60 

♦ Tillman’s Descriptive General Chemistry Svo, 3 00 

♦ Elementary Lessons in Heat Svo, I 50 

Treadwell’s Qualitative Analysis. (Hall.) Svo, 3 (K) 

Quantitative Analysis. (Hall.) Svo, 4 00 

Tumeaure and Russell’s Public 'W’ater-supplies Svo, 5 00 

Van Deventer’s Physical Chemistry for Beginners. (Boltwood.) 12mo, 1 ^0 

Venable’s Methods and Devices for Bacterial Treatment of Sewage Svo, 3 00 

Ward and Whipple’s Freshwater Biology. (In Press.) 

'Ware's Beet-sugar Manufacture and Refining. Vol. I..'. Svo/ 4 00 

“ “ “ “ “ Vol. 11 Svo. 6 00 
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Washington's Manual of the Chemical Analysis of Rocks 8vo. |2 00 

• Weaver’s Military Explosives gvo, 3 00 

'Wells's Laboratory Guide in Qualitative Chemical A^alyais gvo, 1 50 

Short Course in Inorganic Qualitative Chemical Analysis for' Engineering 

Students 12mo. 1 50 

Text-book of Chemical Arithmetic ; 12mo, I 25 

Whipple’s Microscopy of Drinking-water. gvo, 3 50 

Wilson’s Chlorination Process 12mo, 1 50 

Cyanide Processes 12mo, 1 60 

Win ton’s Microscopy of Vegetables Food gvo, 7 50 

Zsigmondy's Colloids and the Ultramicroscope. ( Alexander)... Large IZmo, 3 00 


CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OP ENGINEER- 
ING. RAILWAY ENGINEERING. 

Baker’s Engineers’ Surveying Instruments I2mo, 3 00 

Bixby’s Graphical Computing Table Paper 19i X 24 J inches. 26 

Breed and Hosmer’s Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying gvo, 3 00 

Vol. II. Higher Surveying gvo, 2 60 

♦ Burr’s Ancient and Modem Engineering and the Isthmian Canal gvo, 3 60 

Comstock's Field Astronomy for Engineers gvo, 2 60 

♦ Corthell’s Allowable Pressure on Deep Foundations 12mo, 1 25 

Crandall’s Text-book on Geodesy and Least Squares 8vo, 3 00 

.Davis's Elevation and Stadia Tables. gvo, 1 00 

Elliptt’s Engineering for Land Drainage 12mo, 1 50 

Practical Farm Drainage. (Second Edition Rewritten.) 12mo, 1 50 

♦ Fiebeger’s Treatise on Civil Engineering gvo, 5 00 

Flemer’s Photographic Method.s and Instruments gvo, 5 00 

Folwell's Sewerage. (Designing and Maintenance.) gvo, 3 00 

Freitag’s Architectural Engineering gvo, 3 50 

Goodhue’s Municipal Improvements 12mo, 1 60 

♦ Hauch and Rice’s Tables of Quantities for Preliminary Estimates. . . 12mo, 1 26 

Hayford’s Text-book of Geodetic Astronomy 8vo, 3 00 

Hering’s Ready Reference Tables (Conversion Factors) 16mo, mor. 2 60 

Hosmer’s Azimuth 16mo, mor. 1 (K) 

Howe’ Retaining Walls for Earth 1 2mo, 1 26 

♦ Ives’s Adjustments of the Engineer’s Transit and Level 16mo, bds. 26 

Johnson’s (J. B.) Theory and Practice of Surveying Large 12mo, 4 00 

Johnson's (L. J.) Statics by Algebraic and Graphic Method.s gvo, 2 00 

Kinnicutt, Winslow and Pratt’s Purification of Sewage. (In Preparation). 

♦ Mahan’s Descriptive Geometry gvo, 1 60 

Merriman’s Elements of Precise Surveying and Geodesy gvo, 2 60 

Merriman and Brooks’s Handbook for Surveyors l6mo, mor. 2 00 

Nugent’s Plane Surveying Svo, 3 60 

Ogden’s Sewer Construction 8vo, 3 00 

Sewer Design 12mo, 2 00 

Parsons’s Disppsal of Municipal Refuse gvo, 2 00 

Patton’s Treatise on Civil Engineering 8vo, half leather. 7 60 

Reed’s Topographical Drawing and Sketching 4to, 5 00 

Rideal’s Sewage and the Bacterial Purification of Sewage Svo, 4 00 

Riemer’s Shaft-sinking under Difficult .Conditions. (Coming and Peele.).8vo, 3 00 

Siebert and Biggin’s Modem Stone-cutting and Masonry gvo, 1 50 

Smith’s Manual of Topographical Drawing. (McMillan.) Svo, 2 60 

Soper's Air and Ventilation of Subways 12mo, 2 50 

♦ Tracy’s Exercises in Surveying .12mo, mor. 1 00 

Tracy’s Plane Surveying 16mo, mor. 3 00 

♦ 'Trautwine’s Civil l^ngineer’s pocket-book 16mo, mor. 6 00 

Venable's Garbage Crematories in Americd gvo. 2 00 

Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 00 
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Wait's Engineering and Architectura! Jurisprudence 8vo, 16 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 00 

Sheep. 5 50 

Warren’s Stereotomy — Problems in Stone-cutting 8vo, 2 60 

♦ Waterbury’s Vest-Pocket Hand-book of Mathematics for Engineers. 

2iX5| inches, mor. 1 00 

Webb’s Problem’s in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 1 26 

Wilson's Topographic Surveying .8vo, 3 50 


brid(;es and roofs. 

Boiler’s Practical Treatise on the Construction of Iron Highway Bridges.. 8vo, 2 00 

* Thames River Bridge Oblong paper, 5 00 

Burr and Falk's Design and Construction of Metallic Bridges. 8vo, 6 00 

Influence Lines for Bridge and Roof Computations 8vo, 3 00 

Du Bois’s Mechanics of Engineering. Vol. II Small 4to. 10 OU 

Foster’s Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler’s Ordinary Foundations 8vo, 3 50 

Greene's Arches in Wood, Iron, and Stone 8vo, 2 50 

Bridge Trusses 8vo, 2 60 

Roof Trusses * 8vo, 1 25 

Grimm's Secondary Stresses in Bridge Trusses 8vo, 2 50 

Heller’s Stresses in Structures and the Accompanying Deformations.. . .8vo, 3 00 

Howe's Design of Simple Roof-trusses in Wood and Steel 8vo. 2 00 

Symmetrical Masonry Arches 8vo, 2 50 

Treatise on Arches 8vo, 4 00 

Johnson, Bryan and Turneaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, 10 00 

Merriman and Jacoby’s Text-book on Roofs and Brielges: 

Part I. Stresses in Simple Trusses 8vo, 2 60 

Part II. Graphic Statics Hvo, 2 60 

Part III. Bridge Design 8v.o, 2 50 

Part IV. Higher Structures .8vo, 2 50 

Morison’s Memphis Bridge Oblong 4to, 10 00 

Sondericker’s Graphic Statics, with Applications to Trusses, Beams, and 

Arches 8vo, 2 fM) 

Waddell’s De Pontibus, Pocket-book for Bridge Engineers 16mo, mor. 2 00 

* Specifications for Steel Bridges 1 2mo, 6« 

Waddell and Harringtoon’s Bridge Engineering. (In Preparation.) 

Wright’s Designing of Draw-spans. Two parts in one volume 8vo, 3 50 


HYDRAULICS. 

Barnes’s Ice Formation 8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 2 00 

Bovey’s Treatise on Hydraulics 8vo, 6 00 

Church’s Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4 to, paper, 1 50 

Hydraulic Motors 8vo, 2 00 

Coffin’s Graphical Solution of Hydraulic Problems Idmo, mor. 2 50 

Fiather’s Dynamometers, and the Measurement of Power 1.2mo, 3 (X) 

Folwell’s Water-supply Engineering 8vo, 4 00 

Frizell’s Water-power 8vo, 5 00 

Fuertes's Water and Public Health 12mo, 1 50 

Water-filtration Works 12mo. 2 50 

Ganguillet and Kutter’s General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) Svo, 4 00 
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Hazen’s Ctean Water and How to Get It. Large 12mo, $1 

Filtration of Public Water-supplies. 8vo, S 

Hazelhurst's Towers and Tanks fbr Water-works 8vo, 2 

Herscbers 115 Experiments on the Carrying Capacity of Large. Riveted. Metal 

Conduits Svo, 2 

Heyt and Grover's River Discharge ; 8vo, 2 

Hubbard and Kiersted's Water-works Management and Maintenance. 

8vo, 4 

♦ Lyndon’s Development and Electrical Distribution of Water Power. 

8vo, 3 

Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 8vo. 4 

Mcrriman’s Treatise on Hydraulics 8vo, 5 

* Molitor’s Hydraulics of Rivers, Weirs and Sluices 8vo, 2 

♦ Richards’s Laboratory Notes on Industrial Water Analysis 8vo. 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 

supply. Second Edition, Revised and Enlarged Large 8vo, 6 

* Thomas and Watt’s Improvement of Rivers 4to, 6 

Turneaure and Russell’s Public Water-supplies 8vo, 5 

Wegmann’s Design and Construction of Dams, ,5th Ed., enlarged 4to, 6 

Water-Supply of the City of New York from 1658 to 1895 4to, 10 

Whipple’s Value of Pure Water Large 1 2mo, 1 

Williams and Hazen’s Hydraulic Tablcr. 8vo, 1 

Wilson’s Irrigation Engineering 8vo, 4 

Wood’s Turbines 8vo, 2 


MATERIALS OF ENGINEERING. 


Baker’s Roads and Pavements 8vo, 

Treatise on Masonry Construction 8vo, 

Black’s United States Public Works Oblong 4to, 

Blanchard’s Bituminous Roads. (In Press.) 

Bleininger’s Manufacture of Hydraulic Cement. (In Preparation.) 

* Bovey’s Strength of Materials and Theory of Structures .Svo, 

Burr’s Elasticity and Resistance of the Materials of Engineering Svo, 

Byrne's Highway Construction Svo, 

Inspection of the Materials an<l Workmanship Employed in Construction. 


16mo, 

Church’s Mechanics of Engineering 8vo, 

Du Bois’s Mechanics of Engineering. 

Vol. 1. Kinematics, Statics, Kinetics Small 4to, 

Vol, II. The Stresses in Framed Structures, Strength of Materials and 
Theory of Flexures Small 4to, 

* Eckel’s Cements, Limes, and Plasters 8vo, 

Stone and Clay Products used in Engineering. (In Preparation.) 
Fowler’s Ordinary Foundations Svo, 

* Greene’s Structural Mechanics 8vo, 

* Holley’s Lead and Zinc Pigments Large 12mo, 

Holley and Ladd’s Analysis of Mixed Paints, Color Pigments and Varnishes. 

Large 12mo, 

Johnson s (C. M.) Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo. 

Johnson's (J. B.) Materials of Construction Large 8vo, 

Keep’s Cast Iron 8vo, 

Lanza’s Applied Mechanics Svo, 

Maire’s Modem Pigments and their Vehicles I2mo, 

Martens’s Handbook on Testing Materials. (Henning.) 2 vols Svo, 

Maurer’s Technical Mechanics Svo. 

Merrill’s Stones for Building and Decoration Svo, 

Merriman’s Mechanics of Materials 8vo, 

♦ Strength of Materials 1 2mo, 

Metcalf’s Steel. A Manual for Steel-itsers J2mo, 

Morrison’s Highway Engineering 8vo, 

Patton’s Practical Treatise on Foundations Svo, 

Rice’s Concrete Block Manufacture 8vo, 


5 

5 

5 


5 

3 

6 
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6 
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2 
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RichiU’daon's Modem Pavements. Svo, $3 

Richey's Building Foreman’s Pocket Book and Ready Reference. 16mo.mor. 5 

* Cement Workers' and Plasterers' Edition (Building Mechanics' Ready 

Reference Series) 16mo« mor. 1 

Handbook for Superintendents of Construction 16mo, mor. 4 

* Stone and Brick '*Mason»' Edition (Building Mechanics* Ready 

Reference Series) t6mo, mor. 1 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 5 

* Ries and Leighton’ ■ History of the Clay-working Industry of the United 

States 8vo. 2 

Sabin's Industrial at Artistic Technology of Paint and Varnish 8vo. 3 

Smith’s Strength of Material 12mo. 

Snow’s Principal Species of Wood .8vo, 3 

Spalding’s Hydraulic Cement l2mo. 2 

Text-book on Roads and Pavements 12mo, 2 

Taylor and Thompson’s Treatise on Concrete, Plain and Reinforced 8vo. 5 

'Thurston's Materials of Engineering. In Three Parts 8vo, 8 

Part I. Non-metallic Materials of Engineering and Metallurgy.. . .8vo, 2 

Part II. Iron and Steel 8vo. 3 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 2 

Tillson’s Street Pavements and Paving Materials Svo, 4 

Tumeaure and Maurer’s Principles of Reinforced Concrete (Construction. 

Second Edition, Revised and Enlarged Svo, 3 

Waterbury’s Cement Laboratory Manual 12mo, 1 

Wood’s (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber Svo, 2 

Wood’s (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel Svo, 4 


RAILWAY ENGINEERING. 


Andrews’s Handbook for Street Railway Engineers 3X5 inches, mor. 

Berg’s Buildings and Structures of American Railroads 4to, 

Brooks’s Handbook of Street Railroad Location 16mo, mor. 

Butts’s Civil Engineer's Field-book 16mo, mor. 

Crandall’s Railway and Other Earthwork Tables Svo, 

Transition Curve 16mo, mor. 

♦ Crockett’s Methods for Earthwork Computations Svo, 

Dredge’s History of the Pennsylvania Railroad. (1879) Papci 

Fisher’s Table of Cubic Yards Cardboard, 

Godwin’s Railroad Engineers’ Field-book and Explorers’ Guide. . 16mo. mor. 
Hudson’s Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments Svo, 

Ives and Hilts’s Problems in Surveying, Railroad Surveying and Geodesy 

16mo, mor. 

MoHtor and Beard’s Manual for Resident Engineers l6mo, 

Nagle’s Field Manual for Railroad Engineers 16mo, mor. 

♦ Orrock’s Railroad Structures and Estimates Svo, 

Philbrick’s Field Manual for Engineers.,’ lOmo, mor. 

Raymond’s Railroad Engineering. 3 volumes, 

Vol. I. Railroad Field Geometry. (In Preparation.) 

Vol. II. Elements of Railroad Engineering Svo, 

Vol, III. Railroad Engineer's Field Book. (In Preparation.) 

Searles’s Field Engineering 16mo, mor. 

Railroad Spiral 16mo, mor, 

Taylor’s Prismoidal Pormulte.and Earthw'ork Svo, 

♦ Trautwine’s Field Practice of Laying Out Circular Curves for Railroads. 

12mo, mor. 

* Method of Calculating the Cubic Contents of Excavations and Em- 
bankments by the Aid of Diagrams .8vo, 

Webib’s Economics of Railroad Construction Large 12mo, 

Railroad Construction 16mo, mor. 

Wellington’s Economic Theory of the Location of Railways Large 12mo, 

Wilson’s Elements of Railroad-Track and Construction 12mo, 
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SRAWINO. 


Barr*s Kinem^ics of Machinery 8vo, $2 50 

Bartlett's Mechanical Drawing 8vo, 3 00 

♦ ** “ “ Abridged Ed Svo, 1 50 

Coolidge's Manual of Drawing Svo. paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi> 

neers Oblong 4 to, 2 50 

Durley's Kinematics of Machines Svo, 4 (K) 

Emch's Introduction to Projective Geometry and its Application Svo, 2 50 

French and Ives’ Stereotomy Svo, 2 50 

Hill’s Text-book on Shades and Shadows, and Perspective Svo, 2 00 

Jamison’s Advanced Mechanical Drawing Svo, 2 00 

Elemchits.of Mechanical Drawing Svo, 2 50 

Jones’s M^hine Design : 

Part I, Kinematics of Machinery Svo, 1 50 

Part II. Form, Strength, and Proportions of Parts Svo, 3 00 

Kimball and Barr’s Machine Design (In Press.) 

MacCord’vS Elements of Descritpive Geometry Svo, 3 00 

Kinematics; or. Practical Mechanism Svo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams Svo, 1 60 

McLeod’s Descriptive Geometry Large 12mo, 1 50 

* Mahan’s Descriptive Geometry and SLonc-cuttiiig Svo, 1 60 

Industrial Drawing. (Thompson.) Svo, 3 50 

Moyer’s Descriptive Geometry Svo, 2 00 

Reed’s Topographical Drawing and Sketching 4to, 5 00 

Reid’s Course in Mechanical Drawing Svo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design.. Svo, 3 00 

Robinson’s Principles of Mechanism Svo, 3 00 

Schwamb and Merrill’s Elements of Mechanism Svo, 3 00 

Smith (A. W.) and Marx’s Machine Design Svo, 3 00 

Smith’s (R. S.) Manual of Topographical Drawing. (McMillan) Svo, 2 50 

♦ Titsworth's Elements of Mechanical Drawing Oblong Svo, 1 25 

Warren’s Drafting Instruments and Operations 12mo, 1 25 

Elements of Descriptive Geometry, Shadows, and Perspective Svo, 3 50 

Elements of Machine Construction and Drawing Svo, 7 50 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, 1 00 

General Problems of Shades an«I Shadows Svo, 3 00 

Manual of Elementary Problems in the Linear Persx)ective of Forms and 

Shadow 12mo, 1 00 

Manual of Elementary Projection Drawing 12mo, I 50 

Plane Problems in Elementary Geometry 12mo, 1 25 

Problems, Theorems, and Examples in Descriptive Geometry .^yo, . 2 60 

Weisbach’s Kinematics anil Power of Transmission. (Hermann and 

Klein.) Svo, 5 00 

Wilson’s (H. M.) Topographic Surveying Svo, 3 60 

• Wilson’s (V. T.) Descriptive Geometry Svo, 1 60 

Free-hand Lettering ’ Svo, «•! 00 

Free-hand Perspective Svo, 2 50 

Woolf’s Elementary Course in Descriptive Cieometry Large Svo, 3 00 


ELECTRICITY AND PHYSICS. 

* Abegg’s Theory of Electrolytic Dissociation, (von Ende.) 12mo, 125 

Andrews’s Hand-book for Street Railway Engineering 3X6 inches, mor. 1 25 

Anthony and Brackett's Text-book of Physics. (Magic.) . . . .Large 12mo, 3 00 

Anthony and Ball's Lecture-notes on the Theory of Electrical Measure- 
ments 12mo, 1 00 

Benjamin's History of Electricity Svo, 3 00 

Voltaic Cell Svo. 3 00 
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Betts's Lead Refining and Electrolysis. * 8vo, |4 

Classen’s Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo* 3 

* Collins's Manual of Wireless Telegraphy and Telephony 13mo/ 1 

Crehore and Squier’s Polarizing Photo-chronograph .Svoi 3 

* Danncel's Electrochemistry. (Merriam.) 12mo» - 1 

Dawson's "Engin^ring" and Electric Traction Pocket- 1x>ok . . . . 16mo, mor, 6 

Dolezalek’s Theory of the Lead Accumulator (Storage Battery), (von Ende.) ' 

' 12mo, 2 

Duhem's Thermodynamics and Chemistry. (Burgess.) .8 vq, - 4. 

Plather's Dynamometers, and the Measurement of Power... 12mo. 3 

Getman’s Introduction to Physical Science. 32mo, ' 

Gilbert’s De Magnete. (Mottelay) -.Svo. 2 

* Hanchett’s Alternating Currents J .... 1 1 

Hering's Ready Re‘ rence Table.«i (Conversion Factors) lOmo, mpr, 2 

* Hobart and Ellis' High-speed Dynamo Electric Machinery. . 8vo, 6 

Holman’s Precision of Measurements * . . . .8vo, 2 

Telescopic Mirror-scale Method, Adjustments, and Tests.. . .Large 8vb, , 

* Karapetofi’s Experimental Electrical Engineering 8vo^ 6 

Kinzbrunner’s Testing of Continuous-current Machines 8vq, 2 

Landauer’s Spectrum Analysis. (Tingle.) 8vo, 3 

^Chatelier's High-temperature Measurements. (Boudouard — Burgess.) 12mo, 3 

3 

3 
6 

4 
1 
1 
2 


Lob’s Electrochemistry of Organic Compounds. (Lorenz) 8vo, 

* Lyndon’s Development and Electrical Distribution of Water Power. .8vo, 

* Lyons’s Treatise on Electromagnetic Phenomena. Vols, I .and II. 8vo, each, 

* Michie’s Elements of Wave Motion Relating to Sound and Light 8vo, 

Morgan’s Outline of the Theory of Solution and its Results 12mo, 

* Physical Chemistry for Electrical Engineers 12nio, 

* Norris’s Introduction to the Study of Electrical Engineering 8vo, 

Norris and Dennison’s Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart’s Electric Machine Design 4to, half mor, 

Reagan’s Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 

* Rosenberg’s Electrical Engineering. (Haldane Gee — Kinzbrunner.) . .8vo, 

Ryan, Norris, and Hoxie’s Electrical Machinery. Vol. 1 8vo, 

Schapper’s Laboratory Guide for Students in Phy.sical Chemistry 12mo, 

* Tillman’s Elementary Lessons in Heat 8vo, 

Tory and Pitcher's Manual of Laboratory Physios Large 12mo, 

Ulke's Modem Electrolytic Copper Refining 8vo, 


12 

3 

2 

2 

1 

I 


LAW. 


* Brennan’s Hand-book of Useful Legal Information for Business Men. 

Ifimo, mor. 5 

* Davis’s Elements of Law 8vo, 2 

* Treatise on the Military Law of United States 8vo, 7 

* Dudley’s Military Law and the Procedure of Courts-martial. .Large 12mo, 2 

Manual for Courts-martial * 16mo, mor. I 

Wait’s Engineering and Architectural Jurisprudence 8vo, 6 

Shefep, 6 

Law of Contracts 8vo, 3 

Law of Operations Preliminary to Construction in Engineering end 

Architecture 8vo, 5 

Sheep, 5 


MATHEMATICS. 


Baker’s Elliptic Functions 8vd, 1 

Briggs's Elements of Plane Analytic Geometry. (Bbehor) 12mo, 1 

♦ Buchanan’s Plane and Spherical Trigonometry 8vo, 1 
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Byerley's Harmonic Functions : 8vo, 

Chandler's Elements of the Infinitesimal Calculus 12mo, 

* Coffin’s Vector Analysis 12mo, 

Compton's Manual of Logarithmic Computations ' 12nio. 

* Dickson’s College Algebra. .Large 12mo, 

* Introduction to the Theory of Algebraic Equations Large 12mo, 

Emch’s Introduction to Projective Geometry and its Application 8vo, 

Piske’s Functions of a Complex Variable 8vo, 

Halsted’s Elementary Synthetic Geometry 8vo, 

Elements of Geometi^ * 8vo, 

* Rational Geometry 12mo. 

Synthetic Projective Geometry. 1 8vo, 

Hyde's Grassmann's Space Analysis .8vo, 


♦Johnson’s (J. B.) Three-place Logarithmic Tables : Vest-pocket size, paper, 

• 100 copies, 

♦ Mounted on heavy cardboard, 8X10 inches, 

♦lO copies, 

Johnson's (W. W.) Abridgeil Eflitions of Differential and Integral Calculus. 

Large 12mo, 1 vol. 


Curve Tracing in Cartesian Co ordinates 12mo, 

Differential Equations 8vo, 

Elementary Treatise on Differential Calculus Large 12mo, 

Elementary Treatise on the Integral ('alculus Large 12mo, 

♦ Theoretical Mechanics 12mo. 

Theory of Errors and the Method of Least Squares 12mo, 

Treatise on Differential Calculus Large l2mo, 

Treatise on the Integral Calculus Large J2mo, 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo, 


Karapetoff’s Engineering Applications of Higher Mathematics. 

(In Preparation.) 

Laplace's Philosophical Essay on Probabilities. (Truscott anti Emory.) . 12mo, 
♦ Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 


Tables 8vo, 

♦ Trigonometry and Tables publi!»he<l .separately Each, 

♦ Ludlow’s Logarithmic and Trigonometric Tables 8vo, 

Macfarlane’s Vector Analysis and Ouaternions 8vo, 

McMahon’s Hyperbolic Functions 8vo, 

.Manning’s Irrational Numbers and their Repre.sentalion by Sequences and 

Series 12mo, 

Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S, Woodward Octavo, each 


No. 1. History of Modern Mathematics, by David Eugene Smith. 
No. 2. Synthetic ‘Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Fvmctions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann’s Space Analysis, 
by Edward W. Hyde. No, 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Ouaternions, 
by Alexander Macfarlanc. No. 9. Differential Equations, by 
William Woolscy Johnson. No. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 


by Thomas S. Fi.ske. 

Maurer’s Technical Mechanics 8vo, 

Merriman ’s Method of Least Squares 8vo, 

Solution of Equation.s 8vo, 

Rice and Johnson’s Differential and Integral Calculus. 2 vols. in one. 

Large l2mo. 

Elementary Treatise on the Differential Calculus Large 12mo. 

Smith’s History of Modern Mathematic.s 8vo, 

♦ Veblen and Lennes’s Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo. 

* Waterbury’s Vest Pocket Hand-book of Mathematics for Engineers 

inches, mor. 

Weld’s Determinants 8vo, 

Wood’s Elements of Co-ordinate (jcometry 8vo, 

Woodward’s Probability and Theory of Errors 8vo, 


$1 00 
2 00 
2 60 
1 50 
1 50 

1 25 

2 50 
I 00 
1 60 
1 75 

1 50 
1 00 
1 00 

15 
5 00 
25 

2 00 

2 50 
1 00 
1 00 
1 50 
1 50 

3 00 
1 50 
3 00 
3 00 
3 50 


2 00 

3 00 
2 00 
1 00 
1 00 
1 00 

1 25 

I 00 


4 00 
2 00 
1 00 

1 50 
3 00 
1 00 

2 00 

1 00 
1 00 
2 00 
1 00 
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MECHANICAL ENGINEERING. 

MATERIALS OP ENGINEERING. STEAM-ENGINES AND BOILERS. 


Bacon’s Forge Practice 12mo, $1 50 

Baldwin's Steam Heating for Buildings t2mo, 2 60 

Barr’s Kinematics of Machinery. . . 8vo, 2 60 

* Bartlett’s Mechanical Drawing Rvo, 3 00 

* “ ” " Abridged Ed Rvo. 1 50 

* Burr’s Ancient and Modem Engineering and the Isthmian Canal Svo, 3 50 

Carpenter’s Experimental Engineering Svo, 6 00 

Heating and Ventilating Buildings Rvo, 4 00 

Clerk’s Gas and O’^ Engine. (New edition in press.) 

Compton’s First L ^sons in Metal Working 12mo, 1 50 

Compton and De Grooclt’s Speed Lathe l^ino, I 50 

Coolidge’s Manual of Drawing Svo, pa!>tT, 1 00 

Coolidge and Freeman's Elements of (icenral Drafting for Met'hanical En- 
gineers Oblong 4to, 2 50 

Cromwell's Treatise on Belts and Pulleys 12mo, 1 50 

Treatise on Toothed Gearing 12mo, 1 50 

Dingey’s Machinery Pattern Making 12mo. 2 00 

Durley’s Kincmatic.s of Machines Rvo, 4 (K) 

Flanders’s Gear-cutting Machinery Large 12mo, 3 (.K) 

Flathcr’s Dynamometers and the Measurement of Prnvor. . . . 1 2tno, 3 00 

Rope Driving 12mo, 2 tK) 

Gill's Gas and Fuel Analysis for Engineers I2mo, 1 25 

Goss’.s Locomotive Sparks Rvo, 2 00 

Greene’s Pttmping Machinery. (In Preparation.) 

Hering’s Ready Reference Tables (Conversion Factors) 16mo, mor. 2 50 

* Hobart and Ellis's High Speed Dynamo Electric Machinery Svo, 6 00 

Hutton's Gas Engine Svo, 5 IMJ 

Jamison’s Advanced Mechanical Drawing Svo, 2 00 

Elements of Mechanical Drawing Rvo, 2 50 

Jones’s Gas Engine Svo, 4 00 

Machine Design. 

Part 1. Kinematics of Machinery Rvo, 1 60 

Part II. Form, Strength, and Proportions of Parts Rvo, 3 00 

Kent’s Mechanical Engineer’s Pocket-Book 16mo, mor. 5 00 

Kerr's Power and Power Transmission Svo, 2 00 

Kimball and Barr’s Machine Design. (In IVess..) 

Levin's Gas Engine. (In Press.) Rvo, 

Leonard’s Machine Shop Tools and Methods 8\o, 4 00 

* Lorenz’s Modem Refrigerating Machinery. (Pope, Haven, and Dean).. Svo, 4 00 

MacCord’s Kinematics; or. Practical Mechanism Svo, 5 00 

Mechanical Drawing 4 to, 4 00 

Velocity Diagrams Svo, 1 50 

MacFarland’s Standard Reduction Factors for Gases 8v’o, 1 50 

Mahan’s Industrial Drawing. (Thompson.) Svo, 3 50 

Mchrtens’s Gas Engine Theory and Design Large 12mo, 2 50 

Oberg’s Handbook of Small Tools Large 12rao, 3 00 

* Parshall and Hobart’s Electric Machine Design. Small 4to, half leather, 12 60 

Peele’s Compressed Air Plant for Mines Svo« 3 00 

Poole’s Calorific Power of Fuels Svo, 3 00 

* Porter’s Engineering Reminiscences, 1865 to 1RR2 Svo, 3 00 

Reid’s Course in Mechanical Drawing Rvo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. Rvo, 3 IK) 

Richards’s Compressed Air 12mo, 1 50 

Robinson's Principles of Mechanism. , . Rvo, 3 00 

Schwamb and Merrill's Elements of Mechanism Rvo, 3 00 

Smith (A. W.) and Marx's Machine Design Rvo, 3 00 

Smith's (O.) Press-working of Metals Svo, 3 00 

Orel’s Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo. 3 00 

Stone's Practical Testing of Gas and Gas Meters . Svo, 3 60 
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Thurston’s Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo, 

Treatise on Friction and Lost Work in Machinery and Mill Work. . .8vo. 


Tillson’s Complete Automobile Instructor 16mo, 

* Titsworth’s Elements of Mechanical Drawing Oblong 8vo. 


Warren’s Elements of Machine Construction and Drawing .8vo, 

* Waterbury’s Vest Pocket Hand-book of Mathematics for Engineers. 

21 X 5f inches, mor. 

Weisbach’s Kinematics and the Power of Transmission. , (Herrmann — 


Klein.) .8vo, 

Machinery of Transmission and Governors. (Hermann — Klein.). .8vo, 
Wood's Turbines 8v6, 


MATERIALS OF ENGINEERING. 


* Bovey's Strength of Materials and Theory of^Structure.s 8vo, 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 

Church’s Mechanics of Engineering. . 8vo, 

♦Greene’s Structural Mechanics 8vo, 

♦ Holley’s Lead and Zinc Pigments Large 12mo 

Holley and Ladd’s Analysis of Mixed Paints, t'olor Pigments, and Varnishes. 

Large 12mo, 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels, Steel-Making Alloys and Graphite Large i2mo, 

Johnson’s (J. B.) Materials of Construction 8vo, 

Keep’s Cast Iron 8vo, 

Lanza’s Applied Mechanics 8vo, 

Maire’s Modem Pigments and their Vehicles 12mo, 

Martens’s Handbook on Testing Materials. (Henning.) 8vo, 

Maurer’s Techincal Mechanics 8vo, 

Merriman s Mechanics of Materials 8vo, 

♦ Strength of Materials 1 2nio, 

Metcalf’s Steel. A Manual for Steel-users 12mo, 

Sabin’s Industrial and Artistic Technology of Paint and Varnisli 8vo, 

Smith's ((A. W.) Materials of Machines 12mo, 

Smith’s (H. E.) Strength of Material 12mo, 

Thurston’s Materials of ' Engineering 3 vols., 8vo, 

Pact I. Non-metalUc Materials, of Engineering 8vo, 

Part II- Iron and Steel 8vo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Con.stituents 8vo, 

Wood’s (De V.) Elements of Analytical Mechanics 8vo, 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo, 

Wood’s (M. P.) Rustless Coatings- Corrosion and Electrolysis of Iron and 
Steel 8 VO, 


STEAM-ENGINES AND BOILERS. 


Berry’s Temperature-entropy Diagram 12mo, 

Carnot’s Reflections on the Motive Power of Heat. (Thurston.) 12mo, 

Chase’s Art of Pattern Making r2mo, 

Creighton's Steam-engine and other Heat Motors 8vo, 

Dawson’s “Engineering'’ and Electric Traction Pocket-book. .. . 16mo. mor. 

Ford’s Boiler Making for Boiler Makers. 18mo, 

♦ Gebhardt’s Steam Power Plant Engineering 8vo, 

Goss’s Locomotive Performance 8vo, 

Hemenway's Indicator Practice and Steam-engine Economy 12mo, 

Hutton’s Heat and Heat-engines 8vo, 

Mechanical Engineering of Power Plants 8vo, 

Kent’s Steani boiler Economy 8vo, 


$1 00 
3 00 
1 50 

1 25 
7 60 

1 00 

5 00 
5 00 

2 50 


7 60 
7 60 
6 00 

2 50 

3 00 

2 60 

3 00 
6 00 

2 50 
7 5() 
2 00 

7 50 

4 00 

5 (K) 
1 00 
2 00 

3 00 
1 00 

8 00 

2 0<J. 

3 50 

2 50 

3 00 

2 00 

4 00 


2 00 

1 50 

2 50 
6 00 

5 00 
1 00 

6 00 
6 00 
2 00 
5 00 
5 00 
4 (K) 
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Kneass’a Practice and Theory of the Iniector 8 vo, $1 60 

MacCord's Slide- valv^.^ 8 vo, 2 00 

Meyer’s Modem Locon;t 6 ;j^ive Construction 4to. 10 00 

Moyer's Steam Turbine, 8 vo, 4 00 

Peabody's Manual of thb Steam-engine Indicator 12 mo» I 50 

Tables of the Properties of Steam and Other Vafiors and Temperature- 

Entropy Table 8 vo, 1 00 

Thermodynamics of the Steam-engine and Other Heat-engines. . . . 8 vo, 6 00 

\alve-gears for Steam-engines 8 vo, 2 60 

Peabody and Miller’s Steam-boilers 8 vo, 4 00 

Pupin’s Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) 12mo, 1 25 

Reagan’s Lrocomotives : Simple, Compound, and Electric. New Edition. 

Large 12 mo, 3 60 

Sinclair’s Locomotive Engine Running and Management 12 mo, 2 00 

Smart’s Handbook of Engineering Laboratory Practice 12mo, 2 60 

Snow’s Steam-boiler Practice 8 vo, 3 (X) 

Spangler’s Notes *0 Thermodynamics 12 mo, 1 00 

Valve-gears 8 vo, 2 60 

Spangler, Greene, and Marshall’s Elements of Steam -engineering 8 vo, 3 00 

Thomas’s Steam-turbines ; 8 vo, 4 00 

Thurston’s Handbook of Engine and Boiler Trials, anti the Use of the Indi- 
cator and the Prony Brake 8 vo, 6 00 

Handy Tables Hvo, 1 50 

Manual of Steam-boilers, their Designs, Construction, and Operation 8 vo, 5 00 

Manual of the Steam-engine 2 vols., 8 vo, 10 00 

Part I. History, Structure, and Theory 8 vo, 6 00 

Part 11. Design, Construction, and Operation Hvo, 6 (X) 

Steam-boiler Explosions in Theory and in Practice 12 ma, 1 50 

Wehrenfennig't Analysis and Softening of Boiler Peetl- water. (Patterson). 

8 vo. 4 00 

Weisbach’s Heat, Steam, and Steam-engines. (Du Bois.) 8 vo, 5 00 

Whithani's Steam-engine Design Hvo, 5 00 

Wood’s Thermodynamics, Heat Motors, and Refrigerating Machines. . . 8 vo, ^ 00 

MECHANICS PURE AND APPLIED. 

Church’s Mechanics of Engineering 8 vo, 6 00 

Notes and Examples in Mechanics 8 vo, 2 00 

Dana’s Text-book of Elementary Mechanics for Colleges and Schools ,l2mo, I 50 
Du Bois’s Elementary Principles of Mechanics: 

Vol. I. Kinematics 8 vo, 3 50 

Vol. II. Statics Hvo, 4 (X) 

Mechanics of Engineering. Vol. I Small 4to, 7 50 

Vol. II Small 4to, 10 00 

♦ Greene’s Structural Mechanics 8 vo, 2 50 

James’s Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo, 2 00 

♦ Johnson’s (W. W.) Theoretical Mechanics l2mo, 3 00 

Lanka’s Applied Mechanics 8 vo, 7 60 

♦ Martin’s Text Book on Mechanics, Vol. I, Statics 12 mo, I 25 

* Vol. II, Kinematic.s and Kinetics. 12 nio, 1 50 

Maurer’s Technical Mechanics 8 vo, 4 00 

♦ Merriman's Elements of Mechanics 12mo, 1 00 

Mechanics of M.atorials Hvo, 5 00 

♦ Michie’s Elements of Analytical Mechanics 8 vo, 4 00 

Robinson’s Principles of Mechanism Hvo, 3 00 

Sanborn’s Mechanics Problems Large 1 21710 , 1 50 

Schwamb and Merrill’s Elements of Mechanism 8 vo, 3 00 

Wood’s Elements of Analytical Mechanics 8 vo, 3 00 

Principles of Elementary Mechanics 12mo. 1 25 
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MEDICAL. 


* Abclerhalden’s Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, $6 00 

von Behring’s Suppression of Tuberculosis. (Bolduan.). l2mo,* I (H) 

Bolduan’s Immune Sera 12mo, 1 50 

Bordet’s Studies in Immunity. (Gay). (In Press.) 8vo, 

Davenport’s Statistical Methods with Special Reference to Biological Varia- 
tions 16mo, mor. 

Ehrlich’s Collected Studies on Immunity. (Bolduan.). . 8vo, 

* Fischer’s Physiology of Alimentation Large 12mo, 

de Fursac’s Manual of Psychiatry. (Rosanoff and Collins.).. . .Large I2mo, 

Hammarsten’s Text-book on Physiological Chemistry. (Mandel.) 8vo, 

Jackson’s Directions for Laboratory Work in Physiological Chemistry . .8vo, 

Lassar-t'ohn's Practical Urinary Analysis. (Lorenz.) 12mo, 

Mandel’s Hand book for the Bio-Chemical Laboratory 12mo, 

* Pauli’s Physical Chemistry in the Service of Medicine. (Fischer.) ,.12mo, 

* Pozzi-Escot’s Toxins and Venoms and their Antibodies. (Cohn.). . 12mo, 

Rostoski’s Serum Diagnosis. (Bolduan.) 12mo, 

Kuddirnan’s Incompatibilities in Prescriptions 8vo. 

Whys in Pharmacy 12mo. 

Salkowski’s Physiological and Pathological Chemistry. (Orndorff.) ....8vo, 

* Satterlee’s Outlines of Human Embryology l2mo, 

Smith’s Lecture Notes on Chemistr>' for Dental Students 8vo, 

* Whipple’s Tyhpoi<l Fever Laigc 12mo, 

Woodhull’s Notes on Military Hygiene l6mo, 

* Personal Hygiene 12mo, 

Worcester and Atkinson’s Small Hospitals Establishment and Maintenance, 
and Suggestion.s for Hospital Architecture, with Plans for a Small 
Hospital 12mo. 


1 50 
6 (M) 

2 00 
2 50 
4 00 
I 26 
1 (M) 
1 50 

1 25 
1 00 
1 00 

2 W 
1 00 
2 50 

1 25 

2 50 
;i 00 
1 50 
I 00 


1 25 


METALLURGY. 


Betts’s Lead Refining by Electrolysis 8vo, 

Bolland's Encyclopedia of Founding and Dictionary of Foundry Term.s used 

in the Practice of Moulding l2mo, 

Iron Founder l2mo, 

" “ Suf)f)lement I2mo, 

Douglas’s Untechnical Addresses on Technical Subjects 12mr), 

Oocsers Minerals and Metals: A Reference Book lOmo, mor. 

* lles’s Lead-smelting 12mo, 

Johnson’s Rapid Methods for the Chemical Analysis of Special Sleds, 

Steel-making Alloys and Graphite Large 12mo, 

Keep’s Cast Iron 8vo, 

Lc Chatelier’s High - temperature Measurements. (Boudouard —Burgess.) 

12mo, 

Metcalf's Steel. A Manual for Steel-users l2mo, 

Minet’s Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 

Ruer’s Elements of Met«llograj)hy. (Mathewson) 8vo, 

Smith’s Materials of Machines 12mo, 

Tate and Stone’s Foundry Practice 12mo, 

Thurston’s Materials of Engineering. In Three Parts 8vo, 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel 8vo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Ulke’s Modern Electrolytic Copper Refining .8vo, 

West’s American Foundry Practice .12mo, 

Moulders’ Text Book 12mo, 


4 00 

3 00 
2 50 

2 50 
1 00 

3 00 
2 50 


3 00 

2 50 

3 00 
2 00 
2 50 


1 00 
2 (H> 
8 00 


3 50 

2 50 

3 00 
2 50 
2 50 
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MINERALOGY. 


B&skerville's Chemical Elements. (In Preparation.), 

Boyd's Map of Southwest Virginia Pocket-book form. $2 00 

* Browning’s Introduction to the Rarer Elements 8vo, I 50 

Brush’s Manual of Determinative Mineralogy. (Pcnfield.) 8vo. 4 00 

Butler’s Pocket Hand-book of Minerals lOmo, mor. .3 (»0 

Chester’s Catalogue of Minerals 8vo, paper, 1 (M) 

Cloth, I 25 

* Crane’s Gold and Silver Hvo, 5 00 

Dana's First Appendix to Dana’s New' “System of Mineralogy". .Large 8vo, 1 00 

Dana’s Second Appendix to Dana’s New' “System of Mineralogy." 

Large 8vo, 

Manual of Mineralogy anti Petrography 12mo, 2 00 

Minerals and How to Study Them 12mo, 1 50 

System of Mineralogy Large Svo, half leather, 12 5o 

Text-book of Mineraiogy 8v'o, 4 00 

Douglas’s Untechnical Atldresses on Technical Subjects l2mo, 1 00 

Eakle’s Mineral Tables Hvo, 1 25 

Eckel's Stone and Clay Products Used in Engineering. (In Preparation). 

(.ioesel’s Minerals and Metals; A Reference Book 16mo, mor, 8 00 

(troth's Introduction to Chemical Crystallography (Marshall) 12mo, 1 25 

* Hayes's Handbook for Field Geologists lOmo, mor. 1 50 

Itldings's Igneous Rocks Hvo. 5 00 

Rock Minerals 8vo, 5 00 

Johannsen’s Determination of Rock-forming Minerals in Thin Sections. Hvo, 

With Thumb Index 5 00 

* Martin’s Laboratory Ctuide to Qualitative Analysis with the Blow'- 

pipe 12m<), 60 

Merrill's Non- iTietalUc Minerals Their Occurrence and Uses Svo, 4 00 

Stones for Building and Decoration Hvo. 5 00 

Penfield’s Notes on Determinative Mineralogy and Record of Mineral Tests. 

Hvo, paper. 50 

Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Ihoduction Hvo. 1 00 

* Pirsson’s Rocks and Rock Minerals 12mo, 2 .50 

* Richartls's Synopsis of Mineral Characters 12mo. mor. 1 2.5 

* Ries’s Clays: Their Occurrence, Properties and Uses Hvo. 5 00 

* Ries and Leighton’s History of the Clay-working Industry of the United 

States Svo, 2 50 

* Tillman's Text-book of Important Minerals and Rocks Hvo. 2 00 

Washington’s Manual of the Chemical Analysis of Rocks Svo, 2 00 


MINING. 

* Beard’s Mine Gases and Explo.sions Large I2mo, 3 00 

Boyd’s Map of Southwest Virginia Pocket-book form, 2 00 

* Crane’s Gold and Silver Hvo 5 00 

* Index of Mining Engineering Literature Hvo. 4 00 

* Svo. mor. 5 (K) 

Douglas’s Untechnical Addresses on Technical Subjects 12mo, 1 00 

Ei8.sler’s Modern High Explosives Hvo. 4 00 

Goesel’s Minerals and Metals; A Reference Book 16mo. mor. 3 IX) 

Ihlseng's Manual of Mining Hvo, 5 00 

* Iles’s Lead Smelting 12mo. 2 50 

Peele's Compressed Air Plant for^Mines Hvo, 3 (K) 

Riemer’s Shaft Sinking Under Difficult Conditions. (Corning and Peele).8vo. 3 00 

* Weaver’s Military Explosives Hvo. 3 00 

Wilson’s Hydraulic and Placer Mining. 2d edition rewritten l2mo. 2 .50 

Treatise on Practical and Theoretical Mine Ventilation 12mo. 1 26 
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SANITARY SCIENCR 


Association of State and National Pood and Dairy Departments, Hartford 

Meeting, 1906 8vo, $3 

Jamestown Meeting, 1907 8vo. 3 

♦ Bashore's Outlines of Practical Sanitation 12mo, 1 

Sanitation of a Country House Timu. 1 

Sanitation of Recreation Camps and Parks 12rno, 1 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 

Water-supply Engineering 8vo, 4 

Fowler’s Sewage Works Analyses 12mo, 2 

Fuertes’s Water-filtration Works 12mo, 2 

Water and Public Health I2mo, 1 

Gerhard's Guide to Sanitary Inspections 12mo, I 

* Modem Baths and Bath Houses 8vo, 3 

Sanitation of Public Buildings 1 2mo, 1 

Hazen’s Clean Water and How to Get It Large 12mo. 1 

Filtration of Public Water-supplies 8vo. 3 

Kinnicut, Winslow and Pratt’s Purification of Sewage. (In Preparation.) 
Leach’s Inspection and Analysis of Food with Special Reference to State 

Control 8 VO, 7 

Mason’s Examination of Water. (Chemical and Bacteriological) 12mo, 1 

Water-supply. (Considered principally from a Sanitary Standpoint). 

8vo, 4 

♦ Merriman's Elements of Sanitary Enigncering 8vo, 2 

Ogden’s Sewer Construction 8vo, 3 

Sewer Design 12mo, 2 

Parsons’s Disposal of Municipal Refuse 8vo, 2 

Prescott and Winslow’s Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysts 1 2mo, 1 

♦ Price’s Handbook on Sanitation I2mo, 1 

Richards’s Cost of Cleanness l2mo, I 

Cost of Pood. A Study in Dietaries 12mu. 1 

Cost of Living as Modified by Sanitary Science 1 2mo, 1 

Cost of Shelter I2mo, I 

♦ Richards and Williams’s Dietary Computer Hvo, 1 

Richards and Woodman’s Air, Water, and Food from a Sanitary Stand- 
point 8vo, 2 

♦ Richey’s Plumbers’, Steam-fitters’, and Tinners’ Eilition (Building 

Mechanics’ Ready Reference Series) 16nio, mor. 1 

Rideal’s Disinfection and the Preservation of Food 8vo, 4 

Sewage and Bacterial Purification of Sewage 8vo, 4 

Soper’s Air and Ventilation of Subways 12mo. 2 

Turneaure and Russell’s Public Water-supplies Svo, fi 

Venable’s Garbage Crematories in America Hvo, 2 

Method and Devices for Bacterial Treatment of Sewage Svo, 3 

Ward and Whipple’s Freshwater Biology. (In Press.) 

Whipple’s Microscopy of Drinking-water Svo, 3 

* Typhoid Fever Large 12mo. 3 

Value of Pure Water Large r2mo. 1 

Winslow’s Systematic Relation.ship of the Coccacete Large 12mo, 2 


MISCELLANEOUS. 

Emmons’s Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large Svo. 1 

Ferrel’s Popular Treatise on the Winds Svo, 4 

Fitzgerald's Boston Machinist 18mo, 1 

Gannett’s Statistical Abstract of the World 24mo, 

Haines’s American Railway Management 12mo, 2 

Hanausek't The Microscopy of Technical Products. (Winton) Svo. 6 
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Jacobs’s Betterment Briefs. A Collection of Publishe.l Papers on Or- 
ganized Industrial Efficiency 8vo. $.3 50 

Metcalfe’s Cost of Manufactures, am! the A<! ministration of Workshops. .8vo, 5 00 

Putnam’s Nautical Charts '.8vo, 2 

Ricketts’s History of Rensselaer Polytechnic Institute 1824-1894. 

Large 12mo, ii oo 

Rotherham’s Emphasised New Testament Large 8vo, 2 00 

Rust’s Ex-Meridian Altitude, Azimuth an< I Star-fintling Tables 8vo, 5 00 

Standage’.s Decoration of Wood, Glass, Metal, etc 1 2mo, 2 00 

Thome’s Structural and Physiological Botany. (Bennett) 16mo, 2 25 

Westermaier’s Compendium of General Botany. (Schneider) 8vo. 2 00 

Winslow’s Elements of Applied Microscopy 12mo, 1 50 


HEBREW AND CHALDEE TEXT-BOOOKS. 

Gc.senius’s Hebrew and Chaldee Le.xicon to the Old Testament Scriptures. 

(Trcgelles.) Small 4 to. half mor, 5 00 

(jreen’s Elementary Hebrew Grammar 12mo, 1 25 
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